(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Properly 
Organization 

International Bureau 

(43) International Publication Date 
27 October 2005 (27.10,2005) 





PCT 



(10) International Publication Number 

wo 2005/100353 Al 



(51) International Patent Classtfication^: C07D 471/04, 
213/73, A61K 31/437, 31/4427, A61P 29/00, 11/00. 9/00, 
3/10, 37/00, C07D 471/04, 235/00, 221/00 

(21) International Application Number: 

PCT/EP2005/003818 

(22) International Filing Date: 12 April 2005 (12.04.2005) 



(25) Filing Language: 

(26) PubUcation Language: 

(30) Priority Data: 
200400919 



English 
English 

15 April 2004 (15.04.2004) ES 



(71) Applicant {for all designated States except US): ALMI- 
RALL PRODESFARMA, SA [ES/ES]; Ronda del Gen- 
eral Mitre, 151. E-08022 Barcelona (ES). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only)i VIDAL JUAN, 
Bemat [ES/ES]; C/Font, 11, E-08396 St. Cebri^ de 
Vallalta (ES). EASTWOOD, Paul, Robert [GB/ES]; 
C/Palencia, 33, 2a 1^, E-08191 Rubi (ES). RODRIGUEZ, 
Jacob, Gonzalez [ES/ES]; C/Verge de Montserrat 6-8, 
3^*23, E-08980 Sant Feliu de Llobregat (ES). 



(74) Agents: WINKLER, Andreas et al.; Boehmert & 
Boehmert. Hollerallee 32, 28209 Bremen (DE). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available)! AE, AG, AL, AM, 

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FX, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, 
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, 
ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)*. ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN. 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



IT) 



(54) TiUe: CONDENSED PYRIDINE DERIVATIVES USEFUL AS A28 ADENOSINE RECEPTOR ANTAGONISTS 
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(I) 



(57) Abstract: The present invention relates to new antagonists of the A2b adenosine recep- 
tor represented by formula (I). Those compounds are useful for treating a subject afflicted 
with a pathological condition or disease susceptible to amelioration by antagonism of the Aib 
adenosine receptor such as asthma, bronchoconstriction, allergic diseases, hypertension, ath- 
erosclerosis, reperfusion injury, myocardial ischemia, retinopathy, inflammation, gastroin- 
testinal tract disorders, cell proliferation disorders, diabetes mellitus, and/or autoimmune 
diseases. 
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NEW PYRIDINE DERIVATIVES 

The present invention relates to new antagonists of tine A2B adenosine receptor. These 
compounds are useful in the treatment, prevention or suppression of diseases and 
. 5 disorders known to be susceptible to improvement by antagonism of the A2B adenosine 
receptor, such as asthma, allergic diseases, inflammation, atherosclerosis, hypertension, 
gastrointestinal tract disorders, cell proliferation disorders, diabetes mellitus and 
autoimmune diseases. 

10 Adenosine regulates several physiological functions through specific cell membrane 
receptors, which are members of the G-protein coupled receptor family. Four distinct 
adenosine receptors have been identified and classified: At, A2A1 A2B and A3. 

The A2B adenosine receptor subtype (see Feoktistov, I., Biaggioni, I. Pharmacol, Rev, 
15 1997, 49, 381-402) has been identified in a variety of human and murine tissues and is 
involved in the regulation of vascular tone, smooth muscle growth, angiogenesis, hepatic 
glucose production, bowel movement, intestinal secretion, and mast cell degranulation. 

In view of the physiological effects mediated by adenosine receptor activation, several A2B 
20 receptor antagonists have been recently disclosed for the treatment or prevention of, 

asthma, bronchoconstriction, allergic diseases, hypertension, atherosclerosis, reperfusion 
injury, myocardial ischemia, retinopathy, inflammation, gastrointestinal tract disorders, cell 
proliferation diseases and/or diabetes mellitus. See for example WO03/063800, 
WO03/042214, WO 03/035639, WO02/42298, EP 1283056, WO 01/16134, WO 
25 01/02400, WO01/60350 or WO 00/73307. 

t 

It has now been found that certain pyridine derivatives are novel potent antagonists of the 
A2B adenosine receptpr and can therefore be used in the treatment or prevention of these 
diseases. 

30 

Further objectives of the present invention are to provide a method for preparing said 
compounds; pharmaceutical compositions comprising an effective amount of said 
compounds; the use of the compounds in the manufacture of a medicament for the 
treatment of pathological conditions or diseases susceptible to improvement by 
35 antagonism of the A2B adenosine receptor ; and methods of treatment of pathological 
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. conditions or diseases susceptible to amelioration by antagonism of the A2B adenosine 
receptor comprising the administration of the compounds of the invention to a subject in 
need of treatment. 



5 Thus, the present invention is directed to the use of new pyridine derivatives of formula (1) 
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R 



wherein: 

A represents an optionally substituted monocyclic or polycyclic aryl or heteroaryl group, 
B represents an optionally substituted monocyclic nitrogen-containing heterocyclic group, 
and either 

a) represents a hydrogen atom and represents a group selected from -NH2 
and optionally substituted alkynyl groups 



or 



b) 



R^, R^ and the -NH- group to which R^ is attached form a moiety selected from the 
moieties of formulae (lla), (lib), (lie), (lid) and (He): 




N 



,a 
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N 
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(lib) 
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(lie) 





N 



N 
H 



(lid) 



(lie) 



(lla) 
wherein: 

R° Is selected from hydrogen atoms, halogen atoms and groups selected from 
optionally substituted aikyi, optionally substituted cycioalkyi, optionally substituted aryl, 
optionally substituted heteroaryl, -OR^, -SR^ -COOR=', -CONR^R", -NR^R'*, -NR^COR'* 
and -CN groups wherein R° and R" are independently selected from hydrogen atoms 
and lower alkyi or cycioalkyi groups. 

R" is selected from hydrogen atoms and groups selected from optionally substituted 
alkyI, optionally substituted cycloail<yl, optionally substituted aryl and optionally 
substituted heteroaryl groups, 
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in the manufacture of a medicament for the. treatment of a pathological condition or 

* 

disease susceptible to improvement by antagonism of the A2B adenosine receptor. 
In addition the compounds of formula (I) 



wherein A represents an optionally substituted monocyclic or polycyclic aryl or heteroaryl 
group, B represents an optionally substituted monocyclic nitrogen-containing heterocyclic 
group and either (a) represents a hydrogen atom and represents a group selected 
from -NH2 and optionally substituted alkynyl groups or (b) R^, R'' and the -NH- group to 
10 which R^ is attached form a moiety selected from the moieties of formulae (lla), (lib), (lie) 
and (lid) wherein R^ and R^ are as hereinabove defined, are new and the invention is also 
directed to these compounds. 

As used herein the temis alkyi or lower alkyi embraces optionally substituted, linear or 
15 branched hydrocarbon radicals having 1 to 8, preferably 1 to 6 and more preferably 1 to 4 
. carbon atoms. Preferred substluents on the alkyi groups are halogen atoms and hydroxy 
groups. 

Examples include methyl, ethyl, A7-propyl, /-propyl, />-butyl, sec-butyl and ferf-butyl, n- 
20 pentyl, 1-methylbutyI, 2-methylbutyl, isopentyl, 1-ethylpropyl, 1,1-dimethylpropyl, 1,2- 
dimethylpropyl, n-hexyl, 1-ethylbutyl, 2-ethylbutyl, 1,1-dimethylbutyl, 1 .2-dimethylbutyl, 
1.3-dlmethylbutyl, 2,2-dlmethylbutyl, 2,3-dlmethylbutyl, 2-methylpentyl, 3-methylpentyl and 
iso-hexyl radicals. 

25 As used herein the term alkynyl embraces optionally substituted, linear or branched 
radicals having 2 to 8, preferably 2 to 6 and more preferably 2 to 4 carbon atoms which 
contain 1 or 2, preferably 1 triple bond. The alkynyl groups are preferably unsubstituted or 
substituted by halogen atoms. 




5 



.H 



30 



Examples include ethynyl, propyn-1-yl, propyn-2-yl, butyn-1-yl, butyn-2-yl, butyn-3-yl and 
1 -methyl-propyn-2-yL 
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As used herein, the term cycloalkyi embraces saturated carbocyclic radicals and, unless 
otherwise specified, a cycloalkyi radical typically has from 3 to 7 carbon atoms. 

Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. When 

- 

5 a cycloalkyi radical carries 2 or more substituents, the substrtuents may be the same or 
different. Preferred substiuents on the cycloalkyi groups are halogen atoms and hydroxy 
. groups. 

As used herein, unless otherwise provided, the term aryl radical embraces typically a Cs- 
10 Ci4 monocyclic or polycyclic aryl radical such as phenyl or naphthyl, anthranyl or 

phenanthryl. Optionally substituted phenyl is preferred. When an aryl radical carries 2 or 
more substituents, the substituents may be the same or different. Preferred substiuents on 
the aryl radicals are halogen atoms and groups selected from-OR^, -SR^, -R^, and — 
NHR^. Halogen atoms are particulariy preferred. 

15 

As used herein, unless othenAfise provided, the term heteroaryl radical embraces typically 
a 5- to 14- membered ring system comprising at least one heteroaromatic ring and 
containing at least one heteroatom selected from O, S and N. A heteroaryl radical may be 
a single ring or two or more fused rings wherein at least one ring contains a heteroatom. 

Examples of monocyclic heteroaryl radicals include pyridyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, furyl, oxadiazolyl, oxazolyl, imidazolyl, thiazolyl, thiadiazolyl, thienyl, pyrrolyl, 
pyridinyl, triazolyl, imidazolidinyl and pyrazolyl radicals. Pyridyl, thienyl, furyl, pyridazinyl 
and pyrimidinyl radicals are preferred. 

When a heteroaryl radical carries 2 or more substituents, the substituents may be the 
same or different. Preferred substiuents on the heteroaryl radicals are halogen atoms and 
groups selected from-OR^. -SR^ -R^ and -NHR®. 

30 As used herein, the term heterocyclyc group embraces typically an heteroaromatic or 
non-aromatic, saturated or unsaturated C3-C10 carbocyclic ring , such as a 5, 6 or 7 
membered radical, in which one or more, for example 1 , 2, 3 or 4 of the carbon atoms, 
preferably 1or 2, of the carbon atoms are replaced by a heteroatom selected from N, O 
and S. Non-saturated heterocyclyl radicals are preferred. A heterocyclic radical may be a 

35 single ring or two or more fused rings wherein at least one ring contains a heteroatom. 



20 



25 



10 
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When a heterocyclyl radical carries 2 or more substituents, tlie substituents may be the 
same or different. 

Examples of monocyclic, nitrogen-containing heterocyclic radicals include pyridyl, 
pyrazlnyl, pyrimidinyl, pyridazinyl, oxadiazolyl, oxazolyl, imidazolyl, thiazolyl, thiadiazolyl, 
pyrrolyl, pyridinyl, triazolyl, imidazolidinyl, pyrazolyl, piperidyl, pyrrolidyl, pyrrolinyl. 
piperazinyl, morpholinyl. thiomorpholinyl, pyn^olyl, pyrazolinyl, pirazolidinyl, quinuclidinyl, . 
pyrazolyl, tetrazolyl, imidazolidinyl, imidazolyl, and 3-aza-tetrahydrofuranyL Pyridyl. 
pyrimidinyl, pirazinyl and pyridazinyl are preferred radicals. 

\A/here a heterocyclyl radical carries 2 or more substituents, the substituents may be the 
same or different. Preferred substluents on the aryl radicals are halogen atoms and group 
selected from-OR^, -SR^, -R^, and -NHR^ Halogen atoms are particulariy preferred. 

15 As used herein, some of the atoms, radicals, moieties, chains or cycles present in the 
general structures of the invention are "optionally substituted''. This means that these 
atoms, radicals, moieties, chains or cycles can be either unsubstituted or substituted in 
any posiition by one or more, for example 1, 2, 3 or 4, substituents, whereby the hydrogen 
atoms bound to the unsubstituted atorns, radicals, moieties, chains or cycles are replaced 

20 by chemically acceptable atoms, radicals, moieties, chains or cycles. When two or more 
substituents are present, each substituent may be the same or different. 

As used herein, the term halogen atom embraces chlorine, fluorine, bromine or iodine 
atoms typically a fluorine, chlorine or bromine atom, most preferably chlorine or fluorine. 
25 The term halo when used as a prefix has the same meaning. 
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As used herein, the term pharmaceutically acceptable salt . embraces salts with a 
pharmaceutically acceptable acid or base. Pharmaceuticaljy acceptable acids include 
both inorganic acids, for example hydrochloric, sulphuric, phosphoric, diphosphoric, 
hydrobromic, hydroiodic and nitric acid and organic acids, for example citric, fumaric, 
5 maleic, malic, mandelic, ascorbic, oxalic, •.succinic,, tartaric, benzoic, acetic, 
methanesulphonic, ethanesulphonic, benzenesulphonic or p-toiuenesulphonic acid. 
. Phannaceutically acceptable bases include alkali metal (e.g. sodium or potassium) and 
* alkali earth metal (e.g. calcium or magnesium) hydroxides and organic bases, for example 
alkyi amines, arylalkyi amines and heterocyclic amines. 

10 

Other preferred salts according to the invention are quaternary ammonium compounds 
wherein an equivalent of an anion (X-) is associated with the positive charge of the N 
atom. X- may be an anion of various mineral acids such as, for example, chloride, 
bromide, iodide, sulphate, nitrate, phosphate, or an anion of an organic acid such as, for 
15 example, acetate, maleate, fumarate, citrate, oxalate, succinate, tartrate, malate, 

mandelate, trifluoroacetate, methanesulphonate and p-toluenesulphonate. X- is preferably 
an anion selected from chloride, bromide, iodide, sulphate, nitrate, acetate, maleate, 

« 

oxalate, succinate or trifluoroacetate. More preferably X- is chloride, bromide, 
trifluoroacetate or methanesulphonate. 

20 

As used herein,, an N-oxide is formed from the tertiary basic amines or imines present in 
the molecule, using a convenient oxidising agent. 

Preferred compounds of the invention are those wherein B represents an optionally 
25 substituted monocyclic, six-membered heterocyclic ring having one or two nitrogen atoms. 
More preferably B represents a group selected from optionally substituted pyridines, 
optionally substituted pyrimldines, optionally substituted pyridsfzines and optionally 
substituted pyridinones. Still more preferably B is unsubstituted or substituted with one 
group selected from -OR^ -SR^, -R^ and -NHR^ 

30 

In another embodiment of the present invention the group A represents an optionally 
substituted phenyl, furyl or thienyl group. Preferably the group A is unsubstituted or 
substituted with one group selected from halogen atoms and lower alkyl groups. 
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In a still more preferred embodiment of the present invention the group B represents a 
pyrimidinyl group and the group A represents afuryl group. 

• * * 

In an alternative embodiment of the present invention either represents a hydrogen 
5 atom or R^. R"* and the -NH- group to \A/hich Fi^ is attached form a moiety selected from 
the moieties of fomriulae (lie) and (lie) ■ ■ • - 

In still another embodiment of the present Invention R^ represents an -NH2 group or an 
optionally substituted alkynyl group. 

10 

In still another embodiment of the present invention R° is selected from lower alkyi groups 
and cycloalkyi groups. 

In still another embodiment of the present invention R*' is selected from the group 
15 consisting of lower alky! groups and hydrogen atoms. 

R 

Particular Individual compounds of the ihvention for their use in the manufacture of a 
medicament for the treatment of a pathological condition or disease susceptible to 
improvement by antagonism of the A2B adenosine receptor include: 

20 . 2-(3-Fluorophenyl)-3,4 -bipyridine-5,6-diamine 

5-(3-Fluorophenyl)-6-pyridin-4-yl-3H-imidazoI4,5-/?]pyridine 
5-(3-Fluorophenyl)-2-methyl-6-pyridin-4-yl-3H-imida20[4,5-i)]pyridine 
2-Cyclopropyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3W-imidazo[4,5-/)]pyridine 
2-Ethyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imidazo[4,5-i)]pyridine 

25 5-(3-Fluorophenyl)-6-pyridin-4-yl-3H-[1,2,3]triazolo[4,5-b]pyridine 

5-(3-Fluorophenyl)-6-pyridin-4-yl-1,3-dihydro-2AY-imidazo[4,5-/)]pyridin-2-one 

5- Ethynyl-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine 

6- (3-Fluorophenyl)-5-pyridin-4-yl-1H-pynrolo[2.3-/)]pyridine 
6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-i)]pyridin-3-amine 

30 A/-[6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-/)]pyridin-3-yllacetamide 

5- (2-Furyl)-^-pyrimidin-4-yl-1,3-dihydro-2H-imidazo[4,5-/>lpyridin-2-on^ 
2-(2-thienyl)-3,4'-bipyridine-5,6-diamine 
2-(2-furyI)-3.4'-bipyridine-5,6-diamine 

6- {2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]pyridine-2,3-diamine 
35 6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3"diamine 
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6rPyridin-4-yI-5-(2-thienyl)-1,3-dihydro-2H-imida2oI4,5-b]^^^ 
. 2-ethoxy-5-(2-furyl)-6--pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine 
5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridlne 
5-(2-furyl)-2-methyl-6-pyrimidin-4-yl-3H-imidazo[4,5-blpyridine 
5 '5-(2-Furyl)r2-methyl-6-pyridin-4-yl-3H-imida20[4,5-b]pyridine 

2-cyclopropyl-5-(2-furyI)-6-pyrimidin-4-yl-3H-imida2o[4,5-b]pyridine 

2- Cyclbpropyl-5-(2-furyl)-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine 
' 5-(2-Furyl)-6-pyridin-4-yl-3HHmidazo[4,5-b]pyridine -^^^^ 

5- (2-furyl)-6-[2-(methylthio)pyrimidin-4-yl]-3H-imidazo[4,5-b]pyridine 

1 0 5-(2-furyl)-1 -methyl-6-pyrimidin-4-yl-1 ,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 

6- (2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridine 

3- chloro-6-(2-furyl)-5-pYrimidln-4-yl-1H-pyrazolo[3,4-b]pyridine 

3- ethoxy-6-{2-furyl)-5-pyrimidin-4-yHH-pyrazolo[3,4-b]pyridine 
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazolo[3,4-blpyridi^ 

1 5 6-(2-furyl)-5«pyrimidin-4-yH ,2-dihydro-3H-pyrazolo[3,4-b]pyridin-3-one 
6-(2-furyl)-5-I2-(methylthio)pyrirnidin-4-yl]-1H-pyra2olo[3,4-b]pyridine 
6-(2-furyl)-5-(2-rnethoxypyrimidin-4-yl)-1H-pyrazolo[3,4-b]pyridine 
N-cyclopropyl-4-[6-(2-furyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]pyrimidin-2-amin 

4- [6-(2-fui7l)-1H-pyrazolo[3,4-b]pyridin-5-yIl-N-isopropylpyrimidin-2-amine 
20 5-(2-ethoxypyrimidin-4-yl)-6-(2-furyI)-1H-pyrazolo[3,4-b]pyridine 

6-(2-furyl)-5-(2-isopropoxypyrimidin-4-yI)-1H-pyra2oIo[3,4Tb]pyridine 

5- [2-(cyclohexyloxy)pyrimidin-4-yl]-6-(2-furyl)-1H-pyrazolo[3,4-b]pyrldine 

6- (2-furyl)-N-isobutyl-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridln-3-amine 
N-{6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1 H-pyrazolo[3,4-b]pyridin-3-yl}acetamide 

25 6-(3-fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin-3-arnine 

6-(3-fiuorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridine 

6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine 

2-(3-fluorophenyl)-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridin 

6-(2-furyl)-2-phenyl-5-pyrimidin'^'-yI-1H-pyrrolo[2,3-b]pyridine 
30 6-(5-bromo-2-fui7l)-3-chloro-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridine 

5- (5-Bromo-2-furyl)-6-pyrimidin'^-yl-1,3-dihydro-2H-imida20[4,5-b]pyridin 

6- (2-fui7l)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin-3-amine 
A/-I6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-i>]pyridin-3-yl]acetamW^ 



35 
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Compounds of general fomnula (I) and in particular those wherein A, B. R^ and are 
as hereinabove defined and either 

• *R^ represents a hydrogen atom and R^ represents a -NHz group, or 

• R^, and the — NH- group to which R^ is attached represent a moiety selected 
from (Ila), (lib) and (lie) 

• • • 

may be prepared following the synthetic scheme depicted in figure 1 . 
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FIGURE 1 




(IV) CV) 

Bv^j^^ 

A'^N'^NHj 
(VI) 

■( 

(lb) ^ (IQ 




A-^N^N< " H (Ic) 

(XXI) 



(Ic2) 

5 Compounds of general formula (If) are prepared in several steps starting with tiie 
halogenation of 6-lialopyridine derivatives (III) using reagents such as bromine or A/- 
haiosucctnimide in polar aprotic solvents such as DMF and at temperatures ranging from 
0®C to 100°C, to yield 5,6-dihalo-2-aminopyridines (not shown). These products are in turn 
nitrated in a two step process Involving nitration of the amino group in a mixture of 
10 sulphuric and nitric acid in a temperature range between -10 °C and 0 ®C followed by a 
sulphuric acid promoted rearrangement of the nitro group to produce compounds of 
fonnula (IV). 

Regioselective Suzuki-type coupling of (IV) with a boronic acid or boronate derivative 
1 5 using a palladium catalyst such as tetrakis(triphenylphosphine)palladlum(0) or [1 .1*- 

bis(diphenylphosphino)fenrocene] palladium (li)dichloride dichloromethane complex (1:1) 
in solvents such as toluene or dioxane in the presence of an aqueous solution of a base 
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such as sodium or caesium carbonate and at a temperature between 25 ®C and 110 
provides compounds of general formula (V). 

Compounds of general formula (XXIII) are prepared from compounds of general formula 
5 (XXII) using the general Suzuki coupling procedure described above. Bromination using 
similar conditions as used In the preparation of (IV) provides compounds of general 
formula (V). 

A further Suzuki-type coupling using (V) \N\th a corresponding boronic acid or boronate 
10 derivative under the standard procedures for Pd catalyzed reactions described above 
provides the 2-amino-3-nitropyridines (Vl). Reduction of the nitro group using standard 
hydrogenation conditions in the presence of hydrogen and using palladium on carbon as a 
catalyst provides the diamine derivatives (If). 

15 Treatment of compounds of formula (If) with acylating agents such as anhydrides, acid 
chlorides or acylcarbonates in a polar organic solvent such as THF and in the presence of 
a convenient organic base (such as triethylamine) or inorganic base yields compounds of 
formula (XXI) which can be converted into the compounds of formula (la) by acid (for 
, example acetic acid) or base (for example sodium hydroxide) catalyzed cyclization at 

20 temperatures ranging from 70 °C to 200 

ft 

Altematively, diamine derivatives (If) can be cyclized to the imidazopyridines (la) by 
heating in neat trialkylorthoester or in an acetic acid solution of the orthoester derivatives 
and at a temperature between 70 ®C and 200 ^C. 

25 

Following other synthetic pathways, treatment of (If) with carbonylating agents such as 
carbonyldiimidazole in polar aprotic solvents such as dimethylformamide and heating at 
temperatures between 50 and 200 provides the imidazolone compounds (Ic). 

30 Treatment of (If) either with organic nitrites such as 3-methylbutyl nitrite in organic 

solvents such as dioxane at temperatures ranging from 25^C to 1 lO^C or with inorganic 
nitrites such as sodium nitrite in mixtures of water and acetic acid from 0°C to 100°C 
provides the triazolo derivatives (lb). 
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Compounds of general fonnuia (I) and in particular those wherein A. B and are as 
hereinabove defined and either 

• represents a hydrogen atom and R^ represents an optionally substituted alkynyl 
group, or 

• R^, R^ and the -NH- group to which R^ Is* attached represent a compound of 
formula (I Id) 

may be prepared following the synthetic scheme depicted in figure 2. 

FIGURE 2 




(VII) 





(VIII) 



(Ih) 





N'^ NH. 



(IX) 




(X) 



15 



20 



25 



The cornpounds are prepared from 5,6-dihaloaminopyridines (VII) by sequential Suzuki- 
type couplings using the corresponding boronic acids or boronates of A and B and using a 
palladium catalyst such as tetrakis(triphenylphosphine)palladium (0) or [1,1- 
bis(diphenylphosphino)ferrocene]palladium(ll)dichloride dichloromethane complex (1:1) 
in organic solvents such as toluene or dioxane in the presence of an aqueous solution of a 
base such as sodium or caesium carbonate and at a temperature ranging from 25 "C to 
1 10 °C to give the aminopyridines of formula (IX). Further halogenation using reagents 
such as Br2 or A/-halosuccinimide in polar aprotic solvents such as DMF and at 
temperatures ranging from 0 °C to 100 ®C, followed by a Sonogashira-type coupling 
provides the alkynyl derivatives (Ih). Typically Sonogashira coupling talces place in the 
presence of the alkynyl derivative of R^ in a solvent that is inert to the reaction conditions 
such as TI-IF, using an organic base, preferably triethylamine, and catalytic quantities of a 
copper salt (preferably copper (i) iodide) and a palladium derivative (such as 
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dichlorobis(triphenylphosphine)palladium (II)). The temperature of the reaction is in the 
range of 70 °C to 150 **C. These compounds can be converted Into compounds of formula 
(Id) by cyclization mediated by the use of a suitable catalyst e.g. a copper salt (preferably 
copper (I) iodide) or a palladium derivative in polar aprotic solvents such as 
5 dimethylformamide and at a temperature ranging from 70 -1 50 °C 

• ■ 

* 

Another alternative method to promote the cyclisation of (Ih) to (Id) consists in the use of a 
suitable base, for example potassium tert-butoxide, in a polar aprotic solvent such as 
dimethylformamide or 1-methyl-2-pyrrolidinone at temperatures ranging from 60-100 °C. 

10 

Compounds of general formula (I) and in particular those wherein A. B and are as 
hereinabove defined and R^, R** and the -NH- group to which R^ is attached represent a 

■ 

moiety selected from (lie) and (lie), may be prepared following the synthetic scheme 
depicted in figure 3. 

15 

FIGURE 3 




5 The aldehydes of formula (XI) are reacted with the halomethyl derivatives of formula (XII) 
to yield ketones of formula (XIII) either via cyanohydrin intermediates or in a two step 
process involving the addition of an organometallic derivative of (XII), preferably a 
magnesium or zinc derivative, followed by oxidation of the resulting alcohol using oxidizing 
agents such as manganese (IV) oxide. 

10 

Alternatively ketones of formula (XIII) may be obtained by condensation of ethyl esters of 
formula (XIV) with compounds of formula (XX). This reaction is conveniently canied out in 
the presence of an organic base such as lithium bis(trimethylsilyl)amide at temperatures 
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ranging from -10 ^'C to about 50 in an organic aprotic solvent, preferably 

■ 

tetrahydrofuran or diethyl ether. 

Ketones of formula (XIII) may be reacted with neat A/,A/-dimethylformamlde dialkyi acetal, 
5 such as dimethylacetal, at a temperature ranging.from room temperature to 150 °C to 
yield dimethylamino a,p unsaturated ketones of formula (XV) which can be converted into 
the 2-oxo-1,2-dihydropyridine-3-carbonitriles of formula (XVI) by cyclization in the 
presence of cyanoacetamide using alkoxides such as sodium methoxide in polar aprotic 
solvents such as dimethylformamide and at temperatures ranging from 50 to 1505C. 
10 These compounds may be converted into the 2-chloronicotinonitriles of formula (XVII) by 
treatment of the resulting pyridone (XVI) with chlorinating agents such as POCU, PCUor 
PhPOCl2 or by using a combination of such reagents. 



In one synthetic pathway 2-chloronicotinonitriles of formula (XVII) are reacted with 
1 5 hydrazine in a convenient organic solvent that does not interfere with the reaction such as 
ethanol at a temperature ranging from 25 to 150 ®C to provide compounds of general 
formula (le). Further acylation using acid chlorides or anhydrides in the presence of a 
base such as triethylamine in solvents such as dichloromethane, or using neat pyridine as 
solvent, at temperatures ranging from 25 **C to 170 ®C provides amides (Ie2). 

20 

Treatment of (le) with an aliphatic or aromatic aldehyde in a suitable solvent such as 
dichloroethane or methanol with an acid catalyst such as acetic acid in the presence of, or 
followed by treatment with, a suitable reducing agent such as sodium borohydride or 
sodium triacetoxy borohydride leads to products of type (le3). 

25 

Deamination of (le) by diazotization using sodium nitrite in an acidic medium such as a 
mixture of glacial acetic acid and hydrochloric acid at a temperature in the range of 0- 5 
°C. followed by treatment with a suitable reducing agent such as hypophosphorous acid, 
provides (le4). 

30 

In another synthetic pathway 2-chloronicotinonitriles of formula (XVII) may be reacted with 
a saturated solution of ammonia in an organic solvent, preferably ethanol, at a 
temperature ranging from 25 °C to 150 °C to yield compounds of fonnula (XVIII). 
Hydrolisis of compounds (XVIII) to the carboxylic acid of fomnula (XIX) can be achieved 
35 with a base such as potassium hydroxyde in aqueous or organic solvents such as 
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ethylene glycol and at a temperature between 50 ^'C and 200 °C. Alternatively this . 
conversion can be achieved by heating (XVIIl) in an.aqueous acidic medium such as 6M 
aqueous sulphuric acid. Compounds (XIX) may be subjected to Curtius rearrangement by 
fonnation of an acyl azide using reagents such as diphenylphosphoryl azide (or sodium 
5 azide with activated acid) in an organic solvent* compatible with these reaction conditions 
(e.g. dioxane) then heating the reaction mixture ata temperature between 50^C and 
200^G,-with /n.stfU'formation of the target pyridoimidazolone ring yielding compounds of 
formula (Ic). 

1 0 Carboxylic acid (XIX) can be converted to pyridine (IX) by decarboxylation in solvents 
such as quinoline in the presence of a suitable catalyst, such as copper, at temperatures 
ranging from 200-250 °C, with or without the use of microwave irradiation. 

Alternative general synthetic methods are depicted in figure 4. 

15 

FIGURE 4 




(ij) (») 




Pyridone (XVI) can be converted to acid (XXIV) by hydrolysis of the nitrile functionality 
20 using a suitable inorganic base such as sodium or potassium hydroxide, with or without 
aqueous hydrogen peroxide, in a suitable solvent such as water, methanol or ethylene 
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glycol at temperatures ranging from 40-160 °C. Treatment of (XXIV) with a. suitable 
chlorinating agent such as- phosporous oxychloride. with or without the use of a solvent 
•such as dimethylformamide, at temperatures ranging from 90-120 °C, followed by 
evaporation and treatment of the crude mixture with a suitable alcohol, such as methanol, 
5 leads directly to chloro esters of- type (XXVIII). Treatment of (XXVIII) with a hydrazine, 
such as hydrazine monohydrate or (4-methoxybenzyl)hydrazine in a suitable solvent such 
as ethanol at temperatures ranging from 60--100 /C provides cydised derivatives of type 
(XXIX). Reaction of (XXIX) with a suitable chlorinating agent, such as phosporous 
oxychloride, at temperatures ranging from 90-120 °C gives rise to derivatives of type (li). 

10 Alternatively , in the case that (XXIX) has a suitable protecting group (for example PG = 4- 
methoxybenzyl) then treatment of (XXIX) with a suitable base, such as sodium hydride, in 
a polar aprotic solvent, such as dimethylformamide, followed by the addition of an 
alkylating agent such as an alyki bromide or iodide followed by removal of the protecting 
group using, for example, an acid such as trifiuoroacetic acid In the presence of a cation 

15 scavenger, such as thioanisole, gives rise to molecules of type (Ij). 

Hydrolysis of the ester moiety of (XXVIII) using a suitable base such as aqueous sodium 
or potassium hydroxide in a solvent such as ethanol or methanol at temperatures ranging 
from 0-30 °C leads to carboxylic acids of type (XXV). These compounds may be subjected 

20 to Curtius rearrangement by formation of an acyl azide using reagents such as 

diphenylphosphoryl azide (or sodium azide with activated acid) in tertiary butanol in the 
prescence of an organic base such as triethylamine then heating the reaction mixture at a 
temperature between 50®C and 200*^0 to give the Boc-protected derivatives which upon 
treament with an acid such as trifiuoroacetic acid give rise to compounds of type (XXVI). 

25 Compounds of general formula (XXVI) can be transformed to compounds of general 

formula (If) by reaction with ammonia using a copper salt, such as copper (I) chloride, as a 
catalyst at a temperature ranging from 50 °C to 200 ^C. 

Cyanopyridine (XVII) reacts with conveniently protected amines, such as 4- 
30 methoxybenzylamine or 2,4-dimethoxybenzylamine, in the presence of a base such as 
triethylamine in a suitable solvent such as ethanol with or without the influence of 
microwave irradiation at temperatures ranging from 60-200 to give substituted 
derivatives of type (XXX). Hydrollsis of compounds (XXX) to the carboxylic acid of formula 
(XXXI) can be achieved with a base such as potassium hydroxide in aqueous or organic 
35 solvents such as ethylene glycol and at a temperature ranging from 50 to 200 °C. 
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These compounds may be subjected to Curtius rearrangement by formation of an acyl 
azide using reagents sucli as diphenylphosptioryl^azide (or sodium azide with activated 
acid) in an organic solvent compatible with these reaction conditions (e.g. dioxane) then 
heating the reaction mixture at a temperature between 50^C and 200®.C , with in situ 
5 formation of the target pyridoimidazolone ring yielding compounds of formula (XXXII). 
Treatment of compounds of type (XXXII) with a suitable base, such as sodium hydride or 
potassium carbonate, in a polar aprotic solvent, .-such as dimethylformamide or 
dimethylsulfoxide, followed by the addition of an alkylating agent such as an alyki bromide 
or iodide followed by removal of the amine protecting group by using, for example, an acid 
10 such as trifiuoroacetic acid in the presence of a cation scavenger such as thioanisoie at 
temperatures ranging from 0-100 gives rise to molecules of type (Ic2). 

Adenosine 2B receptor subtype functional cellular cAMP assav 

15 

The assay was carried out using CHO-K1 transfected with human recombinant A2B 
receptor and a commercial EIA kit (Amersahm, RPN225). Cells were seeded in 96 well 
plates at 10.000 cells/well. After 24h, plates were placed on ice for 5 minutes, the medium 
was removed, and all wells were rinsed twice with 100 ^1 of incubation medium (Hepes 25 

20 mM, DMEM-F12). After washing, Rolipram (30 |liM) and antagonists were added in 100 |il 
of Incubation medium, and the plates were incubated for 15 minutes at 37''C. NECA was 
then added to reach a final concentration of 1 0 fxM and the plates were incubated for 
another 15 minutes at ST^'C. After incubation, medium was removed from all wells, 200 |llI 
of lysis buffer (reactive. 1 B from Amersham RPN225) were added, and the plates were 

25 incubated 10 minutes at room temperature with slight agitation. After lysis, 100 ^1 of the 
lysate were transferred to a plate pretreated with anti-rabbit antibody, 1 00 of rabbit anti- 
cAMP serum were added to the wells and the plates were incubated for 2 h at 4°C. 
Peroxidase-coupled cAMP was then added, and the plates incubated for 1 hour at 4''C. 
Plates were then washed 4 times with 100 jul of buffer (washing buffer, Amersham 

30 RPN225). After washing, 150 pi of peroxidase substrate were added to the wells and the 
plates were incubated for 1 hour at room temperature. Finally, 100 ^1 of 1 M sulphuric acid 
were added to stop the reaction and the OD was measured at 450-495 nm. 

Functional Ki was calculated using the following formula (Cheng Y. C. And Prusoff W. H. 
35 Biochem. Pharmacoi 1973, 22, 3099-3108): K| (cAMP, nM)=[IC6o/(1+([Cl/Kd))]. where IG50 
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is the IC50 for the test compound j [C] is the total NECA concentration and Kd is the.ECso 
for NECA. 

The compounds-of formula (I) have been tested according to the assay described above 
5 and have shown to be potent inhibitors of the A2B' adenosine receptor subtype. Preferred 
pyridine derivatives of the invention possess a functional Kt value for the inhibition of Aae 
-(determined as defined, above) of lesS'than.200 nM, preferably less than 50 riM, more 
preferably less than 10 nM and still more preferably- less .than 6 nM. . 

10 The pyridine derivatives of the invention are useful in the treatment or prevention of 

diseases known to be susceptible to improvement by treatment with an antagonist of the 
A2B adenosine receptor. Such diseases are, for example, asthma, bronchoconstriction, 
allergic diseases, inflammation, reperfusion injuryi myocardial ischemia, atherosclerosis, 
hypertension, retinopathy, diabetes mellitus, inflammation, gastrointestinal tract disorders, 

15 and/or autoimmune diseases. Examples of autoimmune diseases which can be treated or 
prevented using the compounds of the invention are Addison's disease, autoimmune 
hemolytic anemia, Crohn's disease, Goodpasture's syndrome, Graves disease, 
Hashimoto's thyroiditis, idiopathic thrombocytopenic purpura, insulin-dependent dialDetes 
mellitus, multiple sclerosis, myasthenia gravis, pemphigus vulgaris, pernicious anemia, 

20 poststreptococcal glomerulonephritis, psoriasis, rheumatoid arthritis, scleroderma, 
Sjogren's syndrome, spontaneous infertility, and systemic lupus erythematosus. 

Accordingly, the pyridine derivatives of the invention and pharmaceutically acceptable 
salts thereof, and pharmaceutical compositions comprising such compound and/or salts 
25 thereof, may be used in a method of treatment of disorders of the human or animal body 
which comprises administering to a subject requiring such treatment an effective amount 
of pyridine derivative of the invention or a pharmaceutically acceptable salt thereof. 

The present invention also provides pharmaceutical compositions which comprise, as an 
30 active ingredient, at least a pyridine derivative of formula (I) or a pharmaceutically 

acceptable salt thereof in association with a pharmaceutically acceptable excipient such 
as a carrier or diluent. The active ingredient may comprise 0.001% to 99% by weight, 
preferably 0.01% to 90% by weight of the composition depending upon the nature of the 
formulation and whether further dilution is to be made prior to application. Preferably the 
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. compositions, are made up in a fonn suitable for oralrtopical, nasal, rectal, percutaneous 
injectable administration or Inhalation. 

The pharmaceutically acceptable exclplents which are admixed with the active compound 
5 or salts of such compound, to form the compositions of this invention are well-known per 
se and the*actual excip'rents used depend inter alia on the intended method of • 
administering, the compositions. 

Compositions of this invention are preferably adapted for injectable and oral 
10 administration. In this case, the compositions for oral administration may take the form of 
tablets, retard tablets, sublingual tablets, capsules,, inhalation aerosols, inhalation 
solutions, dry powder inhalation, or liquid preparations, such as mixtures, elixirs, syrups or 
suspensions, all containing the compound of the Invention; such preparations may be 
made by methods well-known in the art. 



15 



20 



The diluents which may be used in the preparation of the compositions include those 
liquid and solid diluents which are compatible with the active ingredient, together with 
colouring or flavouring agents, if desired. Tablets or capsules may conveniently contain 
between 2 and 500 mg of active ingredient or the equivalent amount of a salt thereof. 



The liquid composition adapted for oral use may be in the form of solutions or 
suspensions. The solutions may be aqueous solutions of a soluble salt or other derivative 
of the active compound in association with, for example, sucrose to form a syrup. The 
suspensions may comprise an insoluble active compound of the invention or a 
25 pharmaceutically acceptable salt thereof in association with water, together with a 
suspending agent or flavouring agent. 

Compositions for parenteral Injection may be prepared from soluble salts, which may or 
may not be freeze-dried and which may be dissolved in pyrogen free aqueous media or 
30 other appropriate parenteral injection fluid. 

Effective doses are normally in the range of 2-2000 mg of active ingredient per day. Daily 
dosage may be administered in one or more treatments, preferably from 1 to 4 treatments, 
per day. 

35 
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The syntheses of the compounds of the invention and of the intemiediates for use therein 
are illustrated by the following Examples (1 to 49) including Preparation Examples 
(Intermediates 1 to 22) which do not limit the scope of the invention in any way. 

5 : H Nuclear Magnetic Resonance Spectra were recorded . on a Varian Gemini 300 
spectrometer Melting points were recorded using a.BQchi 8^540 apparatus. The 
. . .chromatographic separations were obtained using a Waters 2795 system equipped with a 
Symmetry C18 (2.1 x 100 mm. 3.5 mm) column. As detectors a. Micromass ZMD mass 
spectrometer using ES ionization and a Waters 996 Diode Array detector were used. The 
10 mobile phase was formic acid (0.46 ml), ammonia (0.1 15 ml) and water (1000 ml) (A) and 
formic acid (0.4 ml), ammonia (0.1 ml), methanol (500 ml) and acetonitrile (500 ml) (B): 
initially from 0% to 95% of B In 20 min, and then 4 min. with 95% of B. The reequilibration 
time between two Injections was 5 min. The flow rate was 0.4 ml/min. The injection 
volume was 5 Diode array chromatograms were processed at 210 nm. 
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PREPARATION EXAMPLES 
intermediate 1 

5,6-Dibromopyridin-2-aniine 



To a stirred solution of 2"amino-6"bromopyridine (4.0 g, 23.1 mmol) in N,N- 
dimethylformamide (55 mL) was added N-bromosuccinimide (4.12 g, 23.2 mmol) in 
portions over 30 minutes. After stirring overnight the mixture was poured into water and 
the precipitate was filtered, washed with water and dried to give the title compound 
25 (Intermediate 1) (4.98g, 86%) as a white solid. 

5 NMR (CDCI3): 4.63 (s, 2H). 6.33 (d, 1H). 7.52 (d, 1H). 
ESI/MS (m/e, %): 251 [(M+1)*, 100]. 



Internriediate 2 
30 Step a: 

5,6-Dibromo-Af-nitropyridin-2-amine 
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":xx. 



Br N tfH 

5,6-Dibromopyridin-2-amine (Intermediate 1) (7.87 g, 31.2 mmol) was added in portions 
with stimng to cooled (0 °C) concentrated sulphuric acid (32 mL). Goncentrated nitric acid 
(3/94 mL, 63 mmol) was added dropwise keeping the mixture at -10 *'C. The mixture was 
5 then warmed to 0 ^'C over 25 minutes, stirred at 0 °C for 30 minutes then poured onto ice. 

■ « 

Maintaining the temperature at 0 - 5 °C, the solution was treated with concentrated 
aqueous ammonia solution until a pH of 5 was reached. The precipitate was filtered, 
washed with water and dried to give the title compound (8.9 g, 96%) as a yellow solid. 
5 NMR (DMSO): 7.80 (d, 1H). 8.30 (d. 1H). 
1 0 ESI/MS (m/e, %): 296 [(M+1 )*. 1 00]. 

■ 

Step b: 

5,6-Dibromo-3-nitropyridin-2-amine 

% 

5,6-Oibromo-/\/-nitropyridin-2-amine was added in portions over 45 nninutes to stirred 
1 5 concentrated sulphuric acid (30 rhL). After the addition the mixture was stirred at room 
temperature for one hour then poured onto crushed ice. The mixture was tal<en to pH 9 
with concentrated aqueous ammonia solution maintaining the internal temperature at 0 
""C. The solid was filtered, washed repeatedly with 1% aqueous ammonia solution and 
dried to give the title compound (7.33 g, 64%). 
20 5 NMR (DMSO): 8.30 (s, 2H), 8.60 (s, 1 H). 

ESI/MS (m/e. %): 296 [(M+1)*, 100]. 

Step c: 

5-Bronno-6-(3-fluorophenyl)-3-nitropyridin-2-amine 




25 A mixture of 5,6-dibromo-3-nitropyridin-2-amine (2.93 g, 9.87 mmol), 3- 
fluorophenylboronic acid (1.38 g, 9.87 mmol), tetrakis(triphenylphosphine)palladium(0) 
(0.34 g) and 2M aqueous sodium cari3onate solution (9.84 mL) in toluene (50 mL) and 
methanol (5 mL) was stirred under an atmosphere of argon and heated to 90 ^C. The 
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mixture was stirred overnight then partitioned between ethyl acetate and water. The 
organic layer was dried (MgS04) and evaporated. Flash chromatography (15:1 
hexanes/EtOAc) furnished the title compound (0.67 g, 22%) as a yellow solid. 
8 NMR (DMSO): 7.25-7.6 (m, 4H), 8.10 (sj 2H), 8.62 (s, 1H). . 
ESI/MS (m/e, %): 312 [(M+1)*, 100]. . - 

Step d: 

2-(3-Fluorophenyl)-5-nitro-3,4'-bipyridin-6f^mine (Intermediate 2) . 




A mixture of 5-brorno-6-(3-fluorophenyl)-3-nitropyridin-2-amine (0.35 g, 1.12 mmol), 4- 
10 (4.4.5.5-tetramethyl-1.3,2-dioxaborolan-2-yl)pyridine (0.46 g, 2.24 mmol). [1,1'- 
bis(diphenylphosphino)ferrocene]palladium(ll)dichloride dichloromethane complex (1:1) 
(55 mg) and 2M aqueous caesium carbonate solution (1.5 mL) in dioxane (14 mL) was 
heated to 90 ''C under an atmosphere of Argon. The mixture was stirred overnight then 
partitioned between ethyl acetate and water. The organic layer was dried (MgS04) and 
15 evaporated. Flash chromatography (3:1 hexanes/EtOAc) furnished 2-(3-fluorophenyl)-5- 
nitro-3,4'-bipyridin-6-amine (intermediate 2) (0.34 g, 97%) as a yellow solid. 
8 NMR (CDCI3): 7.00-7.30 (m. 7H). 8.57 (d, 2H). 
ESI/MS (m/e, %): 311 I(M+1)*. 100]. 



20 Intermediate 3 
Step a: 

5-Bromo-6-(3-fluorophenyI)pyridin-2-amine 



To a solution of 5,6-dibromopyridin-2-amine (Intermediate 1) (2.0 g, 7.94 mmol) and 3- 
25 fiuorophenylboronic acid (1.11 g, 7.94 mmol) in toluene (40 mL) and methanol (4 mL) was 
added 2M aqueous sodium carbonate solution (7.94 mL). The mixture was purged with 
argon and then tetrakis(triphenylphosphine)palladium(0) (0.275 g, 0.24 mmol) was added. 
The mixture was heated to reflux and left to stir overnight. The mixture was then cooled, 
diluted with ethyl acetate and washed with water, brine, dried (MgS04) and evaporated to 
30 give the crude title compound (2.35 g) that was used directly. 

5 NMR (CDCI3): 4.60 (s, 2H). 6.40 (d, 1H), 7.0-7.50 (m, 4H), 7.62 (d. 1H). 
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ESI/MS (m/e. %): 267 [(M+1)M 00].' ■ 

■ 

Step b: • " 

2-(3-Fluorophenyl)-3,4*-blpyridin-6-amine 

5 . " • ' • 



A mixture of 5-bromo-6-(3-fluorophenyl)pyridin-2-amine (1.50 g. 5.62 mmol), 4-(4,4,5,5- 
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (2.30 g, 11.24 mmol), [1,1- 
bis(diphenylphosphino)ferrocene]palladium(ll)dichloride dichloromethane complex (1:1) 

10 (300 mg) and 2M aqueous caesium carbonate solution (8.4 mL) in dioxane (60 mL) was 
heated to 90 ''C under an atmosphere of Argon. The mixture was stirred overnight then 
partitioned between ethyl acetate and water. The organic layer was dried (MgS04) and 
evaporated. Flash chromatography (100:1 dichloromethane/methanol) fumished the title 
compound (1.14 g. 77%) as a white solid. 

15 5 NMR (CDCI3): 4.65 (s, 1H). 6.95-7.25 (m. 5H), 7.45 (m. 2H), 8.40 (m, 2H). 

ESI/MS (m/e. %): 266 [(M+1)*. 100]. 




Step c: 

5-Bronio-2-(3-fluorophenyl)-3,4'-bipyridin-6-amin6 

20 




To a solution of 2-(3-fluorophenyl)-3,4'-bipyridin-6-amine (0.20 g, 0.75 mmol) In N,N- 
dimethylformamide (2 mL) was added N-bromosuccinimide (0.14 g, 0.79 mmol) and the 
mixture was stirred at room temperature overnight. The solution was poured into water 
25 and extracted with ethyl acetate. The organic layer was washed with brine, dried (MgS04) 
and evaporated. The residue was purified by flash chromatography (4:1 hexanes/ethyl 
acetate to 2:1 hexanes/ethyl acetate) to give the title compound (0.18 g, 70%) as an off- 
white solid. 

5 NMR (CDCI3): 5.17 (s, 2H), 6.90-7.30 (m. 6H). 7.78 (s, 1H), 8.45 (d, 2H). 
30 . ESI/MS (m/e. %): 344 [(M+1)M 00]. 
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Step d; 

2-(3-Fluorophenyl)-5-[(trimethylsilyl)ethynyq-3,4'-bipyridin-6-^mm (Intermediates) 




To a solution of 6-bromo-2-(3-fluorophenyl)-3,4-bipyridin-6-amine (100 mg, 0.29 mmol) in 
tetraliydrofuran (0.3 mL) under an atmospliere of argon was added trietliylamine (1.75 
mL), copper(l) iodide (2.2 mg. 0.012 mmol), bis(triphenylphosphine)palladium(ll) cliloride 
(8.2 mg, 0.012 mmol) and trimethylsilylacetylene (57 mg, 0.58 mmol). The mixture was 
10 heated to 90 ''C in a sealed tube and stirred overnight. The mixture was cooled, diluted 
with water and extracted with ethyl acetate. The organic layer was dried (MgS04) and 
evaporated to give 2-(3-fluorophenyl)-5-[(trimethyisilyl)ethynyl]-3,4'-bipyridin-6-amine 
(intermediate 3) as a brown solid. 

5 NMR (CDCI3): 0.3 (s, 9H), 5.20 (s, 2H). 6.9-7.4 (m. 6H), 7,60 (s, 1H), 8.43 (d, 

15 2H). 

ESI/MS (m/e, %): 362 [(M+1)*, 100]. 



Intermediate 4 
Step a: 

20 1 -(2-Furyl)-2-pyrimidin-4-ylethanone 




Lithium bis(trimethylsilyl)amide (1.0 M in hexanes, 50 mL) was added dropwise over 60 
minutes to a solution of 4-methylpyrimidine (2.33 g, 24.8 mmol) and ethyl 2-furoate (3.85 
25 g, 27.4 mmol) in tetrahydrofuran (20 mL) under an atmosphere of nitrogen. The mixture 
was stirred at ambient temperature for two hours then hexane (200 mL) was added and 
the precipitate was filtered. The solid was treated with saturated aqueous ammonium 
chloride solution, filtered and washed with water and dried in vacuo to give the title 
compound (8.62 g, 93%) as a yellow solid. 
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6 NMR (DMSO) showed a mixture of enol and keto tautomers : Keto tautomer: 
4.39 (s. 2H), 6.75 (dd, 1H), 7.08 (m, 1H), 7.53 (dd', 1H), 7.61 (d, 1H). 8.04 (dd. 1H). 9.08 
(d, 1H). Eno!- tautomer: 5.99 (s; 1H). 6.64 (dd. 1H), 7.04. (d. 1H), 7.85 (dd. 1H). 8.15 (d. 
1H), 8.61 (s, 1H). 8.74 (d. 1H). 

ESI/MS (m/e, %): 189 [(M+1)*, lOOJ. 

Step b; 

(2Z)-3-( Dimethy iami no)-1 -(2-furyl)-2-py rimid in-4-y lprop-2-enTl -one 




A suspension of 1-(2-furyl)-2-pyrimidin-4-yiethanone (8.62 g, 45.9 mmol) in N,N- ' 
10 dimethylformamide dietliyl acetal (40 mL) was heated to reflux. The mixture was stirred for 
2.5 hours then evaporated to give the title compound as a darl< oil in quantitative yield. 

5 NMR (CDCI3): 3.0 (s. 6H), 6.40 (dd. 1H). 6.80 (m. 1H). 7.00 (m, 1H). 7.40 
(m, 1 H), 7.80 (m. 1 H), 8.40 (d, 1 H), 9.00 (s. 1 H). 
ESI/MS (m/e, %): 244 [(M+1)*, 100]. 

15 Step c: 

6-<2-Furyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine-3-carbonitrile 




Sodium methoxide (5.88 g, 109 mmol) was added to a mixture (2Z)-3-(dimethylamino)-1- 
(2-furyl)-2-pyrimidln-4-ylprop-2-en-1-one (45.9 mmol) and 2-cyanoacetamide (4.65 g, 55.3 

20 mmol) in dimethylformamide (110 mL) under an atmosphere of argon. The mixture was 
heated to 80 °C and stirred for two hours then concentrated under high vacuum at 65 ""C, 
Water was added to the residue and the pH adjusted to 4-5 with 5M aqueous hydrochloric 
acid. The precipitate was filtered and dried in vacuo to give the title compound (8.52 g, 
70%) as an orange solid. 

25 5 NMR (DMSO): 6.67 (dd. 1H), 7.13 (dd. 1H), 7.21 (dd. 1H), 7.71 (dd, 1H), 8.30 (s. 
1H). 8.71 (d,1H), 9.13 (d,1H). 

ESI/MS (m/e, %): 265 [(M+1)^ 100]. 



Step d: 

30 2-Chioro-6-(2«furyI)-5-pyrim!din-4-ylnicotinonitrile (Inteimediate 4) 
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A suspension of 6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine-3-carbonitrite (3.74 
g, 14.2 mmol) in phosphorus oxychloride (20 mL) was heated to reflux and stirred 
5 overnight. The mixture was evaporated and carefully neutralised with 4% aqueous sodium 
hydrogen carbonate solution. Ethyl acetate was added to the solution and, after stirring for 
five minutes, the mixture was filtered to remove an Insoluble black solid. The organic layer 
was dried over MgS04, filtered and evaporated in vacuo to give 2-chloro-6-(2-furyl)>5- 
pyrimidin-4-ylnicotinonitrile (Intermediate 4) (2.5 g, 63%) as a brown solid. 
10 6 NMR (DMSO): 6.65 (dd. 1H), 7.07 (dd. 1H), 7.66 (dd, 1H), 7.72 (dd, 1H). 8.60 

(s, 1H); 8.94 (d, 1H), 9.27 (d. 1H). 

ESI/MS (m/e, %): 283 [(M+1)*, 100]. 

Intermediate 5 
15 Step a: 

2-Ammo-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile 




2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile (Intemnediate 4) (1.20 g, 4.25 mmol) 
and a saturated solution of ammonia in ethanol (60 mL) were heated in a sealed tube to 

« 

20 100 "^C. After four hours the mixture was cooled and evaporated. Flash chromatography 
(100:1 dichloromethane/methanol) gave the title compound (0.78 g, 70%) as a white solid. 

5 NMR (CDCI3): 5.40 (s. 2H). 6.43 (dd, 1H). 6.85 (dd. 1H), 7.10 (d, 1H). 7.35 (d. 
1H), 8.00 (s. 1H), 8.62 (d. 1H), 9.27 (s. 1H). 

ESI/MS (m/e, %): 264 I(M+1)*, 100]. 

25 Step b: 

2-Amino-6-(2-furyl)-5-pyrlmidin-4-ylnicotinic acid (Intermediate 5) 



10 



wo 2005/100353 PCT/EP2005/003818 

-28- 

A suspension of 2-amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinonttrile (0.52 g, 2.0 mmol) and 
potassium hydroxide (0.45 g, 8.1 mmol) in ethylene glycol (7 mL) was heated to 150 **C. 
After stirring five hours the yellow solution was poured onto ice water and taken to pH 4.5 
with 5M aqueous hydrochloric acid. The precipitate was filtered and dried in vacuo to give 
2-amino-6-(2-furyl)-5-pyrimidin-4-ylniqotinic acid (Intermediate 5) (0.40 g, 72%) as a 
yellow solid. 

5 NMR (DMSO): 6.59 (dd, .1.H). 6.83:(dd. -1H), 7.19 (dd, 1H), 7.62 (m. 2H), 8.28 
(s, 1H), 8.67 (d, 1H). 9.14 (d, 1H). 

ESI/MS (m/e, %): 283 [(M+1)*. 100]. 

Intermediate 6 

A/-[6-amino-2-(3-fluorophenyl)-3,4'-bipyridin-5-yl]yclopropanecarboxamide 




15 To a stirred solution of cyclopropanecarboxylic acid (30.7 mg, 0.35 mmol) in THF (5 mL) 
was added triethylamine (48 uL, 0.35 mmol) and the mixture was cooled to -10 ^C. 
Ethylchloroformate (38 mg, 0.35 mmol) was added dropwise and the mixture was stirred 
for 20 minutes and then a solution 2-(3-fluorophenyl)-3,4-bipyridine-5,6-diamine 
(Example 1) (0.1 g, 0.35 mmol) in THF (4 mL) was added dropwise. The mixture was 

20 warmed to room temperature and stirred for two hours. The mixture was evaporated and 
partitioned between saturated aqueous sodium hydrogen carbonate solution and ethyl 
acetate. The organic layer was dried (MgS04) and evaporated to give a solid which was 
purified by flash chromatography (1:1 hexanes/ethyl acetate followed by 95:5 
dichloromethane/methanol) give the title compound (Intermediate 6) (50 mg, 42%) as a 

25 white solid. 

5 NMR (CDCI3): 0.8-1.2 (m, 5H), 4.87 (s, 2H), 6.95-7.30 (m, 6H), 7.60 (s. 1H), 
8.43 (d. 2H). 

ESI/MS (m/e. %): 349 [(M+1)*, 100]. 



30 Intermediate 7 
Step a: 

5-Bromo-3-nitro-6-tliien-2-ylpyridin-2-amme 
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A mixture of 5,6-dibromo-3-nitropyridin-2-amine (0.300 g, 1.010 mmol), described in step 
b of intermediate 2. 2-tliienylboroniG acid (0.1 23 g. 0.960 mmoJ), [1 , 1 - 
bis(diphenylphosphino}ferrocene]palladium(ll)dichloride dichlbromethane complex (1:1) 
5 (0.049 g. 0.006 mmol) and 2M aqueous caesium carbonate solution (1.5 mL) in dioxane 
(9 mL) was heated to 80 °C under an argon atmospliere for 18 hours. The mixture was 
then partitioned between ethyl acetate and water. The organic layer was dried (MgS04) 
and evaporated. The crude mixture was purified by flash chromatography (95:5 
hexanes/ethyl acetate) to give the title compound (0.092 g, 30%). 
10 5 NMR (CDCI3): 7.12-7.20 (m. 1H), 7.57 (d, 1H). 8.34-8.36 (m, 1H). 8.65 (s. 

1H). 

ESI/MS (m/e. %): 301 [(M+1)*. 100]. 

Step b: 

5-Nitro-2-thien-2-yl-3,4*-bipyridin-6-aniine (Intermediate 7) 




15 

A mixture of 5-bromo-3-nitro-6-thien-2-ylpyridin-2-amine (0.093 g, 0.310 mmol) and 2-(4- 
pyridyl)-4,4.5.5-tetramethyl-1,3,2-borolane (0.083 g, 0.40 mmol), [1,r- 
bis(diphenylphosphino)ferrocene]paliadium(ll)dichloride dichloromethane complex (1:1) 
(0.015 g, 0.019 mmol) and 2M aqueous caesium carbonate solution (0.5 mL) in dioxane 

20 (5 mL) was heated to 80 °C under an argon atmosphere for 18 hours. The mixture was 
then [Dartitioned between ethyl acetate and water. The organic layer was dried (MgS04) 
and evaporated. The crude mixture was purified by flash chromatography (3:1 
hexanes/ethyl acetate) to give the title compound (Intermediate 7) (0.092 g, 99%). 

5 NMR (CDCI3): 6.72-6.74 (m, 1H), 6.87 (dd, 1H), 7.29-7.42 (m, 2H), 7.44-7.47 

25 (m, 1H). 8.31 (s, 1H), 8.67-8.70 (m, 2H). 

ESI/MS (m/e. %): 299 [(M+1)\ 100]. 



Intemnediate 8 

Step a: 

30 6-(2-FuryI)-3-nitropyridin-2-amine 
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To a solution of 6-bromo-3-nitropyridin-2-amine (1.0 g,' 4.6 mmol) and 2-furylboronic acid 
(0.76 g, 6.9 mmol) in dimethoxyethane (30 mL) and water (2 mL), potassium carbonate 
(0.58 9, 4.23 mmol) was added. The mixture was purged with Argon.and then 
5 tetrakls(triphenylphosphine)palladium(0) (0.53 g, 0.46 mmol) was added. The mixture was 
heated at 60 °C for 16 hours. The mixture was then cooled, diluted with ethyl acetate and 
washed with water, brine, dried (MgS04) and evaporated. The crude mixture was purified 
by flash chromatography (3:1 hexanes/ethyl acetate) to give the title compound (0.43 g, 
46%). 

10 5 NMR (CDCIjj): 6.57-6.59 (m, 1H), 7.15-7.19 (m, 2H), 7.61 (s, 1H), 8.43 (d, 

1H). 

ESI/MS (m/e. %): 206 [(M+1)\ 100]. 

Step b: 

5-Bromo-6^2-furyl)-3-nitropyridm-2-amine (Intermediate 8) 

Br^ ^NO, 
O. 

15 

To a solution of 6-(2-furyl)-3-nltropyrldin-2-amine (0.100 g, 0.49 mmol) in 2 mL of DMF at 
0 °C under argon atmosphere, N-bromosuccinlmide (0.083 g, 0.46 mmol) in portions was 
added. After 40 minutes at 0 °C, the mixture was poured into ice-water and the precipitate 
formed was filtered off. The crude mixture was purified by HPLC (acetonitrile/water 
20 gradient) to give the title compound (Intemnediate 8) (0.05 g, 22%). 

S NMR (CDCI3): 6.60-6.62 (m, 1H), 7.66-7.72 (m, 2H). 8,67 (s, 1H). 
ESI/MS (m/e. %): 285 [(M+l)*. 100]. 

Intermediate 9 
25 2-(2-Furyl)-5-nltro-3,4'-bipyridin-6-anniine 





A mixture of 5-bromo-6-(2-furyl)-3-nitropyridin-2-amine (Intermediate 8) (0.220 g. 0.770 
mmol), 2-(4-pyridyl)-4.4,5.5-tetramethyH.3,2-borolane (0.205 g. 1 mmol). I1,r- 
bis(dlphenylphosphino)ferrocene]palladium(ll)dichloride dichloromethane complex (1:1) 
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(0.028 g, 0.046 mmol) and caesium carbonate (0.0756 g, 2.31 mmol) in dioxane (8 mL) 
and water (2 mL) was heated to 80 °C under argon atmosphere for 18 hours. The mixture 
was then partitioned between ethyl acetate and water. The organic layer was dried 

- • • • • 

(MgS04) and evaporated. The crude mixture was purified by flash chromatography (3:1 

• • • 

5 hexanes/ethyl acetate) to give the title compound (Intermediate 9) (0.250 g, 52%). 

5 NMR (DMSO): 6.40-6.43 (m, 1H). 6.58 (d, 1H), 7.24-7.27 (m. 2H), 7.41-7.43 
(m, 1H), 8.34 (s,1H). 8.66-8.69 (m, 2H). 
ESI/MS (m/e, %): 283 [(M+1)M 00]. 

■ * 

■ 

10 Intermediate 10 

2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid 




To a solution of methyl 2-chloro-6-(2-furyl)-5-pyrimidln-4-ylnicotinate (intermediate 14) 
(9.21 g, 29.17 mmol) in 60 mL of ethanol was added 2M aqueous sodium hydroxide (30 
15 mL). After 2 hours at room temperature, the solvent was evaporated and the crude 

mixture was diluted with vyater. The pH was taken to 6-7 and the precipitate formed was 
filtered off to give the title compound (Intermediate 10) (8.64 g, 98%). 

* 

6 NMR (DMSO): 6.60-6.63 (m, 1H), 6.97 (d, 1H), 7.59-7.67 (m, 2H), 8.31 (s. 
1H), 8.88 (d. 1H), 9.26-9.28 (m, 1H). 
20 ESI/MS (m/e, %): 302 I(M+1)*, 100]. 

Intermediate 11 

2>Chloro-6-(2-fury!)-5rpyrimidin-4-ylpyridin-3-amine 




25 To a solution of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid (8.64 g, 28.6 mmol) and 
triethylamine (4.4 mL, 31.46 mmol) in 80 mL of tert-butyl alcohol was added 
diphenylphosphoryl azide (8.66 g. 31.46 mmol). The mixture was heated to reflux for 3 
hours and after cooling to room temperature, ethyl acetate was added. The organic layer 
was washed with 2M aqueous sodium hydroxide, water and brine, dried and evaporated 

30 to give tert-butyl 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-ylcarbamate (9.1 g, 86%). 
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To a solution of tert-butyl 2-chloro-6-(2Tfuryl)-5-pyrimidin-4-ylpyridin-3-ylcarbamate (9.1 g, 
-24.43 mmol) in 90 mL of dichloromethane was added 28.5 mL (366.4 mmol) of 
trifluoroacetic acid. The mixture was stinred at roorn temperature for 2 iiours and the 
solvent was evporated. The crude mixture was partitioned between ethyl acetate and 4% 
5 aqueous sodium hydrogen carbonate and the organic layer was dried and . evaporated. 
The crude mixture was purified by flash chromatography (1 :3 hexanes/ethyl acetate) to 
give the title compound (Intermediate 11) (4.64 g, 70%). 

5 NMR (DMSO): 6.03 (s. 2H). 6.45-6.47 (m, 2H), 7.26 (s, 1H). 7.31 (dd, 1H), 

7.45-7.47 (m, 1H). 8.78 (d, 1H), 9.23 (d, 1H). 
10 ESI/MS (m/e, %): [(M+1)*, 100]. 

Intermediate 12 

Step a: 

15 1 -(2-f uryl)-2-[2-(methylthio)pyrimidin-4-yl]ethanone 




Lithium bis(trimethylsilyl)amide (1.0 M in hexanes, 100 mL, 100 mmol) was added 
dropwise over 60 minutes to a solution of 4-methyl-2-(methylthio)pyrimidine (7.02 g, 50.0 
mmol) and ethyl 2-furoate (7.70 g, 55.0 mmol) in tetrahydrofuran (22 mL) under an 

20 atmosphere of nitrogen. The mixture was stirred at ambient temperature overnight then 
hexane (200 mL) was added and the precipitate was filtered. The solid was treated with 
saturated aqueous ammonium chloride solution, filtered and washed with water and dried. 
Purification by flash chromatography (8:2 ethyl acetate/hexanes to 5:1 ethyl 
acetate/hexanes) gave the title compound (1 0.32 g. 88%) as a yellow solid. 

25 5 NMR (DMSO) showed a mixture of enol and keto tautomers: Keto tautomer. 2.42 (s, 
3H), 4.35 (s, 2H), 6.75 (dd, 1H), 7.22 (d. 1H), 7.60 (dd. 1H), 8.05 (d. 1H), 8.60 (d. 1H). 
Enol tautomer: 2.42 (s. 3H). 6.18 (s. 1H), 6.70 (dd, 1H). 7.05 (m, 2H), 7.90 (d, 1H), 8.45 
(d. 1H), 

ESI/MS (m/e, %): 235 [(M+1)*, 100]. 

30 

Step b: 

(2Z)-3-(dimethylamino)-1 -'(2-furyl)-2-[2-(methylthio)pyrimidln-4-yqprop-2-en-1-one 
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A suspension of 1-(2-furyl)-2-[2-(methylthio)pyrimidin-4-yl]ethanone (10.32 g, 44.0 mmol) 
in N.N-dimethyifonnamide dietliyl acetal (50 mL) was heated to reflux. The mixture was 
5 stirred for 3 hours then evaporated in vacuo to give the title compound as a dark oil in 
quantitative yield. 

5 NMR (CDCI3): 8.13 (d, 1H), 7.76 (m. 1H), 7.42 (dd, 1H). 6.87 (dd. 1H). 6.68 (d, 1H), 
6.44 (dd, 1H). 3.01 (s, 6H). 2.54 (s. 3H). 
ESI/MS (m/e, %): 290 [(M+1)M00]. 
10 Step c: 

6-(2-furyl)-5-[2^nriethylthio)pyrimidin-4-yl]-2K>xo-1,2<lfhydropyridine-3-car^ 




Sodium methoxide (5.38 g, 99.5 mmol) was added to a mixture of (2Z)-3-(dimethylamino)- 

1- (2-furyl)-2-[2-(methylthio)pyrimidin-4-yl]prop-2-en-1-one (41 .5 mmol) and 2- 
15 cyanoacetamide (4.18 g, 49.8 mmol) in dimethylformamide (65 mL) under an atmosphere 

of argon. The mixture was heated to 80 °C and stirred for four hours then concentrated 
under high vacuum at 65 °C. Water was added to the residue and the pH adjusted to 4-5 
with 5M aqueous hydrochloric acid. The precipitate was filtered and dried in vacuo to give 
the title compound (10.14 g, 79%) as a yellow solid. 
20 S NMR (DMSO): 13.70 (s, 1H), 8.61 (d. 1H). 8.42 (s, 1H). 7.76 (dd, 1H), 7,24 (dd, 1H), 
7.02 (d, 1H), 6.71 (dd, 1H). 2.38 (s. 3H). 
ESI/MS (m/e, %): 31 1I(M+1)^ 100]. 
Step d: 

2- chloro-6^2-f uryl)-5-[2-(methylthio)pyrimidin-4-yl]nicotinoniti1le (Intermediate 1 2) 
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A suspension of 6-(2-fuiyl)-5-[2-(methylthio)pyrimidin-4-yn-2-oxo-1,2<lih 
carbonitrile (4:00 g. 12.3 mmol) in phosphorus oxychloride (20 mL) was heated at 110 °C 
in a sealed vessel and Stinred overnight. The mixture was evaporated and carefully 
5 neutralised with 4% aqueous sodium hydrogen carbonate solution. Ethyl acetate was 
added to the solution and, after stirring for five minutes, the mixture was filtered to remove 
an insoluble black solid. The organic layer was dried over MgS04, filtered and evaporated 
in vacuo to give the title compound (Intermediate 12) (3.71 g, 88%) as a brown solid. 
5 NMR (DMSO): 8.76 (d. 1H). 7.64 (s, 1H). 7.80 (dd, 1H), 7.35 (d, 1H),7.13 (dd. 1H), 
10 6.68 (dd, 1H), 2.43 (s, 3H). 

ESI/MS (m/e, %): 329 [(M+1)*, 100]. 

Intenmediate 13 

6-(2-furyl)-5-[2-^methylsulfonyl)pyrinriidin-4-*yl]-1H-pyrazolo[3,4-b]pyridine 



A solution of 6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1 H-pyrazolo[3,4-b]pyridine 
(Example 32) (1.00 g, 3.2 mmol) in dichloromethane (33 mL) and methanol (1 mL) was 
cooled to 0 °C and m-chloroperbenzoic acid (77%, 1.48 g, 6.6 mmol) was added in 
portions. The mixture was stirred at 0 for 10 hours then warmed slowly to room 

20 temperature and stirred overnight. The mixture was partitioned between dichloromethane 
and 4% aqueous sodium hydrogen carbonate solution. The aqueous solution was further 
extracted with chlorofomi. The combined organic layers were dried (Mg.S04), evaporated 
and the residue purified by flash chromatography (98:2 dichloromethane/methanol) to give 
the title compound.(lntermediate 13) (0.48 g, 44%) as a white solid. 

25 8 NMR (DMSO): 9.07 (d, 1H), 8.59 (s, 1H), 8.30 (s, 1H), 7.79 (d, 1H), 7.60 (dd, 1H), 
6.96 (dd, 1H), 6.61 (dd, 1H), 3.28 (s, 3H). 
ESI/MS (m/e, %): 342 [(M+1)^ 100]. 



15 
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Intermediate 14 
Step a: 

6-(2-fuiyI)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine-3-carboxaiTiicie 




5 To a mixture 6-(2-furyl)-2-oxQ-5-pyrimidin-4-yl-1 ,2-dihydropyridjne-3-carbonitrile (1 .0 g. 3.8 
mmol) in ethanol (8 mL), water (8.75 mL) and 6M aqueous sodium hydroxide solution 
(6.25 mL, 37.5 mmol) was added a 30% aqueous hydrogen peroxide solution (2.42 mL, 
21 A mmol). The mixture was heated to 50 and stirred overnight. The mixture was 
cooled and acidified to pH 4-5 using 5M .aqueous hydrochloric acid. The precipitate was 
10 filtered, washed with water and dried in vacuo to give the title compound (0.86 g, 80%) as 
a yellow solid, which was used directly without further purification. 

ESI/MS (m/e, %): 283 [(M+1)*. 100]. 

. Step b: 

6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine-3-carboxyiic acid 




15 

A suspension of 6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1 ,2-dihydropyridine-3-carboxamide 
(0.86 g, 3.04 mmol) in 10% aqueous potassium hydroxide solution (15.2 mL, 27.4 mmol) 
was heated to 120 ®C and stirred overnight. The mixture was cooled and acidified to pH 4- 
5 using concentrated aqueous hydrochloric acid. The precipitate was filtered, washed with 
20 water and dried in vacuo to give the title compound (0.86 g, 100%) as a white solid. 

8 NMR (DIWISO): 6.62 (dd, 1H), 7.01 (dd, 1H), 7.20 (dd, 1H), 7.65 (dd. 1H), 8.30 
(s, 1H), 8.70 (d. 1H). 9.18 (d. 1H). 

ESl/MS (m/e, %): 284 [(M+1)\ 100]. 

Step c: 

25 Aflethyl 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate (Intermediate 14) 
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A suspension of 6-(2-furyl)-2-oxo-5-pyrirnidin-4-yl-1,2-dihyclropyridine-3-carboxylic acid 
(-10.3 g, 36.4 mmol) in phosphorous oxychloride (57 mL) was heated in a sealed tube to 
120 °C and stirred overnight. The mixture was cooled and then evaporated to dryness. 
5 The resultant oil was cooled in an ice-bath and methanol (120 mL) was slowly added. The 
mixture was then warmed to room temperature and stirred overnight The solvent was 
evaporated and ethyl acetate and water were added. The mixture was then neutralised 
with solid sodium hydrogen carbonate. A dart< insoluble solid was filtered off and 
discarded. The organic layer was separated, dried (MgS04) and. evaporated. The residue 
1 0 was triturated with cold diethyl ether and the solid was filtered and dried to give the title 
compound (Intermediate 14) (7.55g, 66%) as an off-white solid. 

8 NMR (CDCI3): 6.50 (dd. 1H). 7.05 (dd. 1H). 7.30 (m, 2H). 8.40 (s. 1H). 8.78 (d. 

* 

1H), 9.35(d. 1H). 

ESI/MS (m/e, %): 316 I(M+1)*, 100]. 



Intermediate 15 
Step a: 

1-(3-fiuorophenyl)-2-pyrimidin-4-yiethanone 




20 Lithium bls(trimethylsilyl)amide (1.0 M in hexanes, 318.7 mL) was added dropwise over 3 
hours to a solution of 4-methylpyrimidine (15 g, 159.3 mmol) and ethyl 3-fluorobenzoate 
(25.9 mL, 175.3 mmol) In tetrahydrofuran (70 mL) under an atmosphere of nitrogen. The 
mixture was stirred at ambient temperature for two hours and the precipitate was filtered. 
The solid was treated with saturated aqueous ammonium chloride solution, filtered, 

25 washed with water and dried in vacuo to give the title compound (32.4 g, 99%) as a yellow 
solid. 
Step b: 

(2E)-3-(dimethylamino)-1-(3-fluorophenyl)-2-pyrlmidin-4-ylprop-2-en-1-one 
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N^-^N O 



. A-^uspension .of .1-(3-fiuorophenyl)-2-pyrimidin-4-ylethanone (32.4 g, 158.7 mmol) in N.N- 
dimethylfqrmamide dimethyl acetal (85 mL) was heated to reflux. The mixture was stirred 
for.5 hours and then, evaporated to give the title..cprnpound as a dark oil (39.2 g. 91%). 
5 Step c: 

6-<3-fluorophenyl)-2K>xo-5-pyrimidm-4-yl"1,2-dihydropyridine<^-carbonitrile 




Sodium methoxide (1 8.76 g, 347.3 mmol) was added to a mixture of (2E)-3- 
(dimethylamlno)-1-(3-fluorophenyl)-2-pyrimidin-4-ylprop-2-en-1-one (39.2 g, 144.7 mmol) 
and 2-Gyanoacetamide (14.59.g» 173.5 mmol) in N,N-dimethylformamlde (300 mL) under 
an atmosphere of argon. The mixture was heated to 80 ®C and stirred for six hours, then 
concentrated under high vacuum at 65 ^C. Water was added to the residue and the pH 
adjusted to 4-5 with 5M aqueous hydrochloric acid. The precipitate was filtered and dried 
in vacuo to give the title compound (36.5 g, 86%) as a red solid. 

5 NMR (DMSO): 6.97 (dd. 1H). 7.09 (d, 1H). 7.49-7.28 (m. 3H). 8.54 (s, 1H), 8.57 (d, 
1H), 9.08 (d. 1H). 
Step d: 

2-chloro*6-(3-fluorophenyl)-5-pyrimidin-4-ylnicotinonitrne (Intennediate 15) 




20 A suspension of 6-(3-fluorophenyl)-2-oxo-5-pyrimidin-4-yl-1 ,2-dihydropyridine-3- 

carbonitriie (27.84 g, 95.2 mmol) in phosphorus oxychloride (40 mL) was heated to reflux 
and stirred for 16 hours. The mixture was evaporated, ice-water was added and the 
mixture was neutralised with aqueous ammonia. The solid was filtered and washed 
thoroughly with dichloromethane, and the organic phase of the filtrate was dried and 
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evaporated. The solid residue, was filtered through silica gel washing with 
dichloromethane to yield the title compound (intermediate 15) (18.35 g, 62%) as orange 
crystals. 

5 intermediate 16 

» • • • * » 

Step a: 

2-[(2,4-dimetlioxybenzyl)amino]-6-(2-furyl)-S-pyrimidih-4-yinicotinonitrile 




A mixture of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonltrile (0.99 g, 3.50 mmol), 3,4- 
10 dimethoxybenzylamine (1.19 g. 7.12 mmol) and triethylamine (0.385 g, 3.80 mmol) in 
ethanol (13 nhL) was heated at 175 °C for 50 minutes in Biotage Initiator Microwave 
Synthesizer. The mixture was then poured into water and extracted with ethyl acetate. 
The organic layer was dried (MgS04) and evaporated. The resultant oil was taken up in 
dichloromethane (45 mL)» polymer supported benzaldehyde resin (4.82 g, 6.03 mmol of 
15 active aldehyde residues) was added and the mixture was shaken ovemight. The mixture 
was filtered and the resin was washed with tetrahydrofuran. The combined filtrate and 
washings were evaporated to give the title compound (1.50 g, 100%) as an oil. 
5 NMR (CDCI3): 9.25 (d. 1H). 8.60 (d, 1H), 7.98 (s, 1H). 7.30 (m, 2H). 7.10 (m, 2H), 
. 6.50 (m, 3H), 6.00 (t, 1H). 4.75 (d. 2H), 3.90 (s. 3H), 3.85 (s. 3H). 
20 ESI/MS (rti/e. %): 414 [(M+1 )^ 1 00]. 
Step b: 

2-[(2,4-dimetlioxybenzyi)amino]-6-(2-furyi)-5-pyrimidln-4-ylnicotinic acid 




A suspension of 2-[(2,4-dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile 
25 (3.5 mmol) and potassium hydroxide (0.85 g, 15.2 mmol) in ethylene glycol (18 mL) was 
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heated to 150 ®C, After stirring for four hours the yellow solution was cooled, poured onto 
ice water and taken to pH.5 with 5M aqueous hydrochloric acid. The precipitate was 
filtered, washed with water and dried in vacuo to give the title compound (1.40 g, 93%) as 
a white solid. 

5 5 NMR (DMSO): 9.25 (d. 1H), 8.75 (s, 1H). 8.60 (d, 1H), 8.25 (s. 1H). 7.60 (d. 1H). 7.25 
(m, 2H). 7.00 (d. 1H), 6.40-6.70 (m. 3H), 4.70 (d. 2H), 3.80 (s, 3H), 3.65 (s. 3H). 
■ESr/MS(m/e.%):433[(M+1)*. 100]. ■• . 

Step c: 

3-(2,4-Dimethoxy-benzyl)-5-furan-2-yl-6-pyrimidin-4-yl-1,3-dihydro-im 
10 b]pyridIn-2-one 




Diphenylphosphoryl azide (0.76 g, 2.77 mmol) was added to a mixture of 2-[(2.4- 
dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin-4-ylnlcotinic acid (1.00 g, 2.31 mmol) and 
triethylamlne (0.47 g, 4.63 mmol) In 1,4-dioxane (20 mL). The mixture was heated to 
15 reflux, stirred for 6 hours and then cooled. The solvent was evaporated, water was added 
and the mixture extracted with ethyl acetate. The organic layer was washed with 4% 
aqueous sodium hydrogen carbonate solution, brine and dried (MgS04). The solvent was 
evaporated and the residue triturated with diethyl ether to give the title compound (0.860 
g, 87%) as a yellow solid. 

20 6 NMR (DMSO): 11.50 (s. 1H). 9.20 (d, 1H), 8.7a (d. 1H), 7.50 (d. 1H). 7.45 (s, 1H). 
7.25 (dd, 1H), 6.90 (d, 1H), 6.35^.60 (m, 4H), 4.95 (s, 2H), 3.80 (s, 3H). 3.70 (s. 3H). 
ESI/MS (m/e. %): 430 [(M+1)*, 100]. 
Step d: 

3-(2,4-Dinriethoxy-berizyI)-5-furan-2-yl-1-methyl-6-pyrimidin-4-yl-1y3-dihydro- 
25 imidazo[4,5-b]pyridin-2-one (Intermediate 16) 
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O 



To a solution of 3-(2,4-Dimethoxy-benzyl)-5-furan-2-yl-6-pyiimidiiv4-yl-1,3-dihydro^ 
imidazo[4,5-b]pyridin-2-one (0.30 g, 0.70 mmol) in N,N-dimethylfonnamide (3 mL) was 
added portionwise 60% sodium hydride in mineral oil (0.056 g, 1.4 mmol). After iiydrogen 
5 evolution liad ceased, metliyl iodide (0.119 g, 0.84 mmol) was added and Vne mixture was 
stirred overnight. The mixture was partitioned between ethyl acetate and water and the 
organic layer was washed with water and brine, dried (MgS04) and evaporated to give the 
title compound (Intermediate 16) (0.263 g, 85%) as a white solid. 

8 NMR (CDCI3): 9.25 (d. 1H). 8.60 (d. 1H). 7.45 (s. 1H). 7.25 (m. 2H), 7.02 (dd, 1H), 
10 6.80 (dd, 1H), 6.40-6.50 (m. 4H), 5.20 (s. 2H), 3.82 (s. 3H), 3.77 (s. 3H). 3.43 (s, 3H). 
ESI/MS (m/e, %): 444 [(M+1)*, 100]. 

intermediate 17 

Step a: 

15 6-(2-furyl)-5-pyiimidin-4-yipyridin-2-amine 



A mixture of 2-amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid (0.50 g, 1.8 mmol), quinoline 
(5 mL) and copper powder (0.09 g) was heated at 230 °C for 60 minutes in a Biotage 
Initiator Microwave Synthesiser. The mixture was diluted with diethylether and purified by 
20 flash chromatography (diethylether followed by ethyl acetate) to give the title compound 
(0.30 g, 70%) as a yellow solid. 



5 NMR (CDCI3): 4.80 (s. 2H). 6.42 (dd. 1H), 6.55 (d. 1H), 6.63 (dd. 1H). 7.00 (dd, 1H), 
7.29 (d, 1H), 7.80 (d. 1H), 8.59 (d, 1H), 9.20 (d. 1H). 
ESI/MS (m/e, %): 239 [(M+1)*, 100]. 




25 Step b: 

3-bromo-6-(2-furyl)-5-pyrimiciin-4-ylpyridin-2-amine (Intermediate 17) 
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To a solution of 6-(2-furyl)-'5-pyrimidin-4-ylpyridin-2-amine (5.0 g. 21.0 mmol) in 
dimetlTylsulfoxide (27 mL) and water (27 mL) vyas added N-bronnosuccinimide (3.74 g, 
21:0 mmol) portionwise over 20 minutes. After 20 minutes, more N-bromosuccinimide 
5 (0.50 g, 2.8 mmol) was added and the mixture was stinred for a further 20 minutes. The 
mixture was diluted with water and extracted with ethyl acetate. The combined organic 
layers were washed with water and brine, dried (MgS04) and concentrated in vacuo. The 
residue was purified by flash chromatography (1:1 hexanes/ethyl acetate) to give the title 
compound (Intermediate 17) (2.30 g, 35%) as a white solid. 
10 5 NMR (CDCI3): 9.26 (d, 1H), 8.60 (d. 1H). 8.05 (s, 1H), 7.35 (m, 1H), 7.04 (dd. 1H), 
6.69 (dd, 1H). 6.45 (m, 1H), 5.38 (s, 2H) 
ESI/MS (m/e, %): 317/319 [(M+1)*, 100] 

Intermediate 18 
15 3-ethynyl-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine 

N^N 




To a solution of 3-bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine (Intermediate 17) 
(1.30 g, 4.10 mmol) in tetrahydrofuran (4 mL) under an atmosphere of argon was added 

* 

triethylamine (6 mL), copper(l) iodide (0.039 g, 0.205 mmol), 
20 bis(triphenylphosphine)palladium(ll) chloride (0.144 g, 0.205 mmol) and 
trimethylsilylacetylene (0.805 g, 8.2 mmol). The mixture was heated to 90 ""C in a sealed 
tube and stirred ovemight. The mixture was cooled, diluted with water and extracted with 
ethyl acetate. The organic layer was dried (MgS04) and the residue was purified by flash 
chromatography (1:1 hexanes/ethyl acetate) to give 6-furan-2-yl-5-pyrimidin-4-yl-3- 
25 trimethylsilanylethynyl-pyridin-2-ylamine (0.645 g, 47%) as a white solid. This material 
was dissolved in methanol (20 mL) and potassium carbonate (0.263 g, 1.9 mmol) was 
added. After stirring for 2 hours, water was added and the mixture was extracted with 
dichioromethane. The organic layer was washed with water, dried (MgS04) and 
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evaporated to give the title compound (Intermediate 18) (0.500 g, 100%) as a yellow 
solid. 

5 NMR (CDCI3): 9.25 (d, 1H), 8.60 (d, 1H). 7.91 (s, 1H). 7,33 (m, 1H), 7.09 (dd,.1H). 
6.71 (dd, 1H), 6.45 (m, 1H), 5.53 (s, 2H), 3.47 (s. 1H). 
5 ESI/MS (m/e, %): 263 [(M+1)M 00]. 

t 

... • "..'*. 

Intermediate 19 ! 

•1 • ■ ' , 

6-(2-furyl)-3-(phenylethynyl)-5-pyrimidin-4-ylpyridin-2-amine 




10 To a solution of . 3-bromo-6-(2-f uryl)-5-pyrimidin-4-ylpyridin-2-amine (Intermediate 17) 
(0.20 g, 0.63 mmol) in tetrahydrofuran (2 mL) under an atmosphere of argon was added 
triethylamine (3 mL), copper(l) iodide (0.005 g, 0.025 mmol), 
bis(triphenylphosphine)paliadium(ll) chloride (0.018 g, 0.025 mmol) and ethynylbenzene 
(0.13 g, 1.26 mmol). The mixture was heated to 90 ""C in a sealed tube and stirred 

15 overnight. The mixture was cooled, diluted with water and extracted with ethyl acetate. 
The organic layer was dried , (MgS04) and the residue was purified by flash 
chromatography (1:1 hexanes/ethyl acetate) to give the title compound (Intermediate 19) 
(0.054 g, 25%) as a yellow solid. 

5 NMR (CDCI3): 9.25 (d, 1H), 8.62 (d, 1H), 7.95 (s, 1H). 7.35-7.05 (m, 7H), 6.72 (dd, 
20 1H), 6.45 (m, 1H), 5.40 (s, 2H). * 
ESI/MS (m/e. %): 339 KM+I)"*, 100]. 

Intemiediate 20 

3-*[(3-fluorophenyl)ethynyl]-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amlne 
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To- a * solution of 3^bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine (Intermediate 17) 
(0.420 g, 1.3 mmol) in tetrahydrofuran (3 mL) under an atmosphere of argon was added 
triethylamine (5 mL), coppef(l) iodide (0.010 g, 0.05 mmol). 
• bis(triphenylphosphine)palladium(ll) chloride (0.036 g, 0.05 mmol) and 1-ethynyl-3- 
5 fluoi'obenzene (0.312 g, 2.6 mmol). The mixture was heated to 90 ""C in a sealed tube and 
stirred overnight. The mixture was cooled, diluted with water and extracted with ethyl 
acetate. The organic layer was dried (MgS04) and the residue was purified by flash 
chromatography (1:1 hexanes/ethyl acetate) to give the title compound (Intermediate 20) 
(0.185 g, 40%) as a yellow solid. 
10 5 NMR (CDCI3): 9.26 (d, 1H), 8.62 (d, 1H). 7.95 (s. IH), 7.34-7.08 (m, 6H). 6.72 (dd, 
1 H), 6.45 (m, 1 H), 5.39 (s, 2H). 
ESI/MS (m/e, %): 357 [(M+1)*. 100]. 

Intermediate 21 
15 Step a: 

6-<2-furyl)-1-<4-methoxybenzyl)-5-pyrimidin-4-yl-1,2Kiihydro-3H"pyrazolo[3,4^ 
b]pyridin-3-one 



20 To methyl 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotlnate (Intermediate 14) (0.30 g. 0.95 
mmol) in ethanol (5 mL) was added (4-methoxybenzyl)hydrazlne (0.69 g, 5.7 mmol) and 
the mixture was heated to 65 °C In a sealed tube and stirred overnight. The mixture was 
concentrated to dryness and the residue purified by flash chromatography (9:1 
dichloromethane/methanol) to give the title compound (0.24 g, 63%) as an off-white solid. 

25 5 NMR (CDCI3): 9.26 (d. IH). 8,65 (d, IH), 8.30 (s. 1H). 7.39-7.20 (m. 4H), 7.04 (dd. 
IH), 6.85 (d, 2H), 6.55(m. IH). 5.47 (s. 2H). 3.90 (s. 3H). 
ESI/MS (m/e, %): 400 [(M+1)*. 100]. 
Step b: 
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3-Ethoxy-6-f uran-2-yl-1 -(4-metlToxy benzyl)-5-pyrimidi n-4-yl-1 H-pyrazolo[3,4- 
b]pyridine (Intermediate 21) 




To a solution of 6-(2-furyI)-1-(4-methoxybenzyl)-5-pyrimidin-4-yl-1 ,2-dihydro^3H- 
5 pyrazolo[3,4-b]pyridin-3-one (0.100 g, 0.25 mmol) in N,N-dimethylformamide (1.5 mL) 
was added portionwise 60% sodium iiydride in mineral oil (0.012 mg, 0.3 mmol). After 
hydrogen evolution had ceased, ethyl bromide (0.033 g, 0.3 mmol) was added and the 
mixture was stirred for a further 30 minutes. The mixture was partitioned between ethyl 
acetate and water and the organic layer was washed with brine, dried (l\/lgS04) and 
10 evaporated. Flash chromatography (1:1 hexanes/ethyl acetate) gave the title compound 
(Intermediate 21) (0.054 g, 50%) as a yellow solid. 

8 NMR (CDCI3): 9.25 (d. 1H), 8.63 (d, 1H), 8.25 (s. 1H), 7.38-7.30 (m, 3H), 7.18 (dd, 
1H), 6.96 (dd, 1H), 6.82(d. 2H). 6.55(m, 1H). 5.5(s, 2H). 4.10(m, 2H), 3.80(s, 3H), 1.45(m. 
3H). 

15 ESI/MS (m/e, %): 428 [(M+1)*, 100]. 
Intermediate 22 

6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin-3-amlne 



20 To a suspension of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile (1.14 g, 4.0 mmol) in 
ethyl alcohol (20 mL) was added hydrazine monohydrate (0.61 g, 12.1 mmol) and the 
mixture was heated to reflux and stirred ovemight. The mixture was treated with 4% 
aqueous sodium hydrogen carbonate solution and the precipitate was filtered, washed 
with water, ethyl acetate and ethanol and dried in vacuo to give the title compound 

25 (Intermediate 22) (0.80 g, 71%) as an orange solid. 
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8 NMR (DMSO):. 5-:83 (s. 2H),r6:58 (dd, 1H), 6.80 (dd. 1H). 7.25 (dd, 1H), 7.60 
(dd. 1H), 8.42 (s, 1H). 8.74 (d. 1H). 9.20 (d, 1H). 12.25 (s, 1H). 
ESI/MS (m/e, %): 279 [(M+1)M 00]. 

5 EXAMPLES 

• * 

Example 1 

2-(3-Fiuorophenyl)-3,4'^bipyridine-5,6-diamine : - . 




10 A suspension of 2-(3-fluorophenyl)-5-nitro-3,4-bipyiidin-6-amine (intermediate 2) (0.15 g, 
0.5 mmol) and 10% palladium on carbon (30 mg) in ethanol (10 mL) was stinted under an 
atmosphere of hydrogen. After 1 hour, the mixture was filtered through Celite® and the 
filter cake was washed with ethanol. The combined filtrate and washings were evaporated 

« 

to give the title compound (0.14 g, 100%) as a pale brown solid. 
15 5 'H NMR (CDCI3): 3.50 (s, 2H). 4.50 (s. 2H), 6.9-7.20 (m, 7H). 8.45 (d. 2H). 

ESI/MS (m/e. %): 281 [(M+l^, 100]. 

Example 2 

5-(3-Fiuorophenyl)-6-pyridin-4-yl-3H-imidazo[4y5-i>]pyridine 




20 

A mixture of 2-(3-fluorophenyl)-3,4'-blpyridine-5,6-diamine (Example 1) (65 mg, 0.23 
mmol) and triethylorthoformate (68 mg, 0.46 mmol) in glacial acetic acid (0.15 mL) was 
heated in a sealed tube to 140 After stirring overnight, the mixture was cooled and 
taken to pH 7 with saturated aqueous sodium hydrogen carbonate solution and then 
25 extracted. The organic layer was dried (MgS04) and evaporated to give a solid which was 
triturated with diethyl ether and dried to give the title compound (36 mg, 54%) as an off- 
white solid. 

5 NMR (DMSO): 7.00-7.40 (m, 6H), 8.10 (m, 1H), 8.47 (d, 2H). 8.57 (s, 1H). 
ESI/MS (m/e, %): 291 [(M+1)^ 100]. 

30 
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Ex3rnple 3 ■ • * . 

5'^3-Fluorophenvn-2"methvl-6H>vridin«4-vl-^3H-imidazor4,S-blDvrldine 




A mixture of 2-(3-fluorophenyl)-3,4'-bipyridine-5,6-diamine (Example 1) (42 mg, 0.15 
5 mmol) and triethylorthoacetate (49 mg, 0.3 mmol) in glacial acetic acid (0.15 mL) was 
heated in a sealed tube to 140 °C. After stirring overnight, the mixture was cooled and 
taken to pH 7 with saturated aqueous sodium hydrogen carbonate solution and then 
extracted. The organic layer was dried (MgS04) and evaporated to give a solid which was 
triturated with diethyl ether and dried to give the title compound (29 mg, 63%) as an ofT- 
1 0 white solid. 

« 

5 NMR (DMSO): 6.96-7.38 (m, 6H), 7.93 (s. 1H), 8.40 (d, 2H). 
ESI/MS (m/e, %): 305 [(M+1)*, 100]. 

Example 4 

15 2-Cvclopropvl"5-(3-fIuorophenvn"6-pvridin-4-vl»3H-imldazor4,5-blpvridine 




A/-[6-amino-2-(3-fluorophenyi)-3,4-bipyridin-5-yl]cyclopropanecarboxamide (Intermediate 
6) (35 mg, 0.1 mmol) in glacial acetic acid (2 mL) was heated in a sealed tube to 140 ''C. 
After stirring for two days, the mixture was cooled and evaporated. Flash chromatography 
20 (98:2 dichloromethane/methanol) gave the title compound (16 mg, 48%) as a white solid. 

5 NMR (DMSO): 0.85 (m, 2H). 0.99 (m, 1H), 1.21 (m, 2H), 7.0-7.20 (m. 6H), 
7.94 (s, 1 H), 8.52 (d, 2H), 1 1 .42 (s, 1 H). 

ESI/MS (m/e. %): 331 [(M+1)*, 100]. 

25 Example 5 

2-Ethv!-5-(3-fluorophenvn'6-'Pvridin-4-vl-3HMmidazor4,5-blpvridlne 




wo 2005/100353 



PCT/EP2005/003818 



-47- 



A mixture of 2-(3-fluorophenyl)-3,4'-bipyridine-5,6-diamine (Example 1) (70 mg, 0.25 
-TnmPl)^a.ndf.trietbyJorthopropionate:X^^ mmol) in glacial acetic acid (3 mL) was 

heated in a sealed tube to 140 ""C. After stinging four hours, the mixture was cooled and 
evaporated. The mixture was taken up in a small amount of water and taken to pl-l 7 with 
5 saturated aqueous sodium hydrogen carbonate solution and then extracted. The organic 
layer was dried (MgS04) and evaporated to give a solid which was purified by flash 
•chromatography (98:2 dichioromethane/methanol) give the title compound (22 mg. 30%) 
as a white solid. 

5 NMR (DMSO): 1.20 (t, 3H), 2.39 (q, 2H). 7.0-7.35 (m, 6H), 8.03 (s, 1H), 8.50 
10 (d,2H), 12.70 (s, 1H). 

ESI/MS (m/e, %): 319 [(M+1)*, 100]. 

Example 6 

S-(3-Fluorophenvl)-6-Pvridin-4-vl"3H-ri.2,31triazolor4,S-£)1pvridine 



A solution of sodium nitrite (20 mg, 0.29 mmol) in water (3 mL) was added dropwise to a 
cooled (ice-bath) solution of 2-(3-fluorophenyl)-3,4-bipyridine-5,6-diarhine (Example 1) 
(69 mg, 0.25 mmol) in glacial acetic acid (2 mL) and water (1 .0 mL). The mixture was 
stirred 30 minutes and then warmed to room temperature and stirred overnight. Solid 
20 sodium hydrogen carbonate was added in small portions. The precipitate was filtered, 
washed with water and dried to give the title compound (42 mg, 59%) as an off-white 
solid. 



To a warm (40 ^'C) solution of 2-(3-fluorophenyl)-3,4-bipyridine-5,6-diamine (Example 1) 
30 (64.6 mg, 0.23 mmol) in dimethylformamide (0.4 mL) was added N,N'-carbonyldiimidazole 




5 NMR (DMSO): 7.00-7.40 (m. 6H), 8.55 (d, 2H). 8.60 (s. 1H). 
ESI/MS (m/e, %): 292 [(M+1)^ 100]. 



Example 7 

5-(3-Fluorophenyl)-6-pyridin-4-yl-1,3-dihydro-2H-imidazo[4,5-/>]pyridin-2-one 
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(40.4 mg. 0.25 mmol). The mixture was stirred at room temperature for two hours then 
warmed to 80 **C. After stirring- five hours, the mixture was poured into water and the 
precipitate that formed was filtered and washed with water and diethyl ether to give the 
title compound (41 mg, 59%) as an-off-white solid. . . .. 
5 6 NMR (DMSO): 6:95-7.3 (m. 7H),B.45 (d. 2H). 

. ESI/MS (m/e. %): 307 [(M+1)M00]. 

..... 

■ 

* m • 

Examples 8 and 9 

5-Ethvnvl"2-(3-fluorophenvl>-3,4'-bipvridin-6-amine 
10 6-(3-Fluorophenvn-S-pvridin-4-vl-1H-pvrrolor2.3-/>lpvridine . 




To a solution 2-(3-fluorophenyl)-5-[(trimethylsllyl)ethynyll-3,4'-bipyridin-6-amine 
(intermediate 3) (0.29 mmol) in dry N,N-dimethylformamide (3.5 mL) under an 

15 atmosphere of argon was added copper(l) iodide (2.2 mg, 0.012 mmol) and the mixture 
was heated to reflux. After stirring overnight, the mixture was cooled, diluted with water 
and extracted with ethyl acetate. The organic layer was dried (MgS04), evaporated and 
the residue purified by flash chromatography (200:1 dichloromethane/methanol to 50:1 
dichloromethane/methanol) to give 5-ethynyl-2r(3-fluorophenyl)-3,4-bipyridin-6-amlne 

20 (13,6 mg, 16%) as a white solid: 5 NMR (CDCI3): 3.50 (s, 1H), 5.25 (s, 2H), 6.8-7.23 
(m, 6H), 7.63 (s, 1H), 8.45 (m, 2H).\ESI/MS (m/e, %): 290 [(M+1)*, 100] and 6-(3- 
fluorophenyl)-5-pyridin-4-yl-1H-pyrrolo[2,3-6]pyridine (6.5 mg, 8%) as a white solid: 6 
NMR (CDCI3): 6.55 (m, 1H), 7.0-7.4 (m, 6H), 7.53 (m, 1H), 7.64 (m, 1H), 8.00 (s, 1H). 11.0 
(s, 1H). ESI/MS (m/e, %): 290 [(M+1)*, 100]. 

25 

Example 10 

6-(2-Furyl)-5-pyrimidin-4-yMH-pyrazoio[3y4-b]pyrldin-3-amme 



10 
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To a suspension of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile (Intermediate 4) 
(1.14 g, 4.0 mmol) in ethyl alcohol (20 mL) was. added hydrazine monohyd rate (0.61 g, 
12.1 mmol) and the. mixture was heated to reflux, and. stirred overnight. The mixture was 
treated with 4% aqueous sodium hydrogen carbonate solution and the precipitate was 
filtered, washed with water, ethyl acetate and ethanol and dried in vacuo to give the title ' 
compound.(0.80 g. 71%) as an orange solid. 

8 NMR (DMSO): 5,83 (s, 2H). 6.58 (dd,. 1H), 6.80 (dd. 1H), 7.25 (dd. 1H),7.60 
(dd. 1H). 8.42 (s, 1H). 8.74 (d, 1H). 9.20 (d. 1H), 12.25 (s, 1H). 
ESI/MS (m/e, %): 279 [(M+1)*, 100]. 

Example 1 1 

Af-r6-f2-fuivn-S-pvrimidin«4-vl-1H-Dvrazoiof3,4-f>lPvridin-3-vnacetaniIde 




To a suspension of 6-(2-furyl)-5-pyrimidin-4-yl-1 H-pyrazolo[3,4-/)]pyridin-3-amine 
15 (Example 10) (0.101 g, 0.36 mmol) in pyridine (0.5 mL) was added acetic anhydride 
(0.038 mL, 0.4 mmol) and the mixture was heated to reflux. After 20 hours the mixture 
was cooled and poured into water. The precipitate was filtered, washed with water and 
dried in the air to give the title compound (0.084 g, 72%) as an orange solid. 

5 NMR (DMSO): 2.10 (s. 3H). 6.59 (dd, 1H). 6.79 (dd, 1H), 7.38 (dd. 1H), 7.61 
20 (dd, 1H), 8.60 (s, 1H). 8.78 (d. 1H). 9.22 (d. 1H). 10.86 (s, 1H), 13.46 (s. 1H). 

ESI/MS (m/e. %): 321 [(M+1)*. 100]. 



25 



Example 1 2 

5-(2-Furyl)-6-pyrimldln-4-yl-1,3-dihydro-2H-imidazo[4,5-i)]pyridtn-2-one 




o 

Triethyiamine (0.10 mL, 0.72 mmol) was added to a mixture of 2-amino-6-(2-furyl)-5- 
pyrimidin-4-ylnicotinic acid (Intermediate 5) (0.10 g, 0.35 mmol) and diphenylphosphoryl 
azide (0.127 g, 0.46 mmol) in 1,4-dioxane (2 mL). The mixture was heated to reflux and 
stirred overnight. The mixture was evaporated and to the residue was added glacial acetic 
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acid (0.13 mL) and water- and after scratchii3g..the. precipitate was filtered, waslied with 
water and methanol and.dried to give the title compound (0.055g. 56%) as a yellow solid. 

. 5^H NMR (DMSO);.6.51 (dd, 1H), J5;59.<dd,.1H).-.7.23 (dd. 1H), 7.38 (s, .1.H),.7..50 
(m. 1H). 8.71 (d, 1H), 9..19 (d, 1H), 11.16.(s.:1H)..1.i;69 (s. 1H). 
5 • ESI/MS (m/e,%): 280 I(M+1)M 00]: • 

.J 

* 

- Example 1 3 

2-(2-thienyl)-3,4'-bipyridine-5,6-diamine 




10 A suspension of 5-nitro-2-(2-thienyl)-3,4-bipyridin-6-amine (Intermediate 7) (91.5 mg, 0.31 
mmol) and 10% palladium on carbon (9.15 mg) in ethanol (5 mL) was stirred under 
hydrogen atmosphere. After 1 day, the mixture was filtered through Celite® and the filter 
cake was washed with ethanol. The combined filtrate and washings were evaporated to 
give the title compound (47.6 mg, 57%), 

15 5^H NMR (CDCI3): 6.52 (d, 1H), 679 (m, 2H). 7,24 (m. 3H), 8.57 (d. 2H). 

ESI/MS (m/e, %): 269 [(M+lf. 100]. 

I 

Example 14 

2-(2-Furyl)-3,4*-blpyridine-5,6-diamine 




20 

A suspension of 2-(2-furyl)-5-nitro-3,4-bipyridin-6-amine (Intemiediate 9) (114.1 mg, 0.4 
mmol) and 10% palladium on carbon (11.4 mg) in ethanol (5 mL) was stirred under an 
hydrogen atmosphere. After 1 day, the mixture was filtered through Celite® and the filter 
cake was washed with ethanol. The combined filtrate and washings were evaporated. The 
25 residue was purified by flash chromatography (1:1 hexane/ethyl acetate) to give the title 
compound as a solid (69.6 mg, 68%). 

5 NMR (CDCI3): 6.10(d, 1H). 6.29(q, 1H), 6.83(s, 1H), 7.17(dd, 2H). 7.31,(m. 
1H). 8.57(dd. 2H). 
ESI/MS.(m/e, %): 253 [(M+1)*, 100]. 

30 
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Example 15 

:6.^2-Fui7l)^5-[2^methylthio)pyrimidin-4-yqpyridiner2,3-dia 




A solution of 6-(2-furyl)-5-[2~(methylthio)pyrimidin-4-yl]-3-nitropyridinr2-amine 
5 (intermediate 8) (75 nng, 0.23 mmol), iron powder.(56 mg, 1 mmol) and a catalytic amount 
of hydrogen chloride in ethanol (3 mL) was heated to reflux. After 3 hours, the mixture 
was evaporated and aqueous sodium hydrogen carbonate solution (4%) was added and 
then extracted with ethyl acetate. The organic layer was dried and evaporated. The 
residue was purified by flash chromatography (7:3 hexane/ethyl acetate) to give the title 
10 compound as a solid (47 mg. 68%). 

6 NMR (CDCI3): 6.40(m. 1H). 6.50(m, 1H), 6.62(d, 1H), 7.29(s. 1H). 7.33(m. 
1 H). 8.32(s, 1 H), 8.34(s, 1 H), 
ESI/MS (m/e. %): 300 [(M+1)*, 100]. 

15 Example 16 

6-(2-Furyl)-5-pyrimidin^-ylpyridine-2y 




A mixture of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-amine (Intermediate 11) (72 mg, 
0.364 mmol) and copper (I) chloride (11 mg, 0.1 13 mmol) in aqueous ammonia (1 mL) 
20 was -heated in a sealed tube to 120 ''C. After 1 day, the mixture was filtered and 
concentrated. The residue was purified by flash chromatography (98:2 
dichloromethane/methanol) to give the title compound as a solid (14 mg, 21%). 

5 NMR (DMSO): 5.11(m, 1H), 6.00(m. 1H). 6.38-6.46(m. 2H), 6.86(d, 1H), 7.02 
(s, 1H), 7.42(m, 1H), 9.08(m, 1H). 
25 ESI/MS (m/e, %): 254[(M+1)*. 100]. 

Example 17 

6-Pyridin-4-yl-5-(2-thlenyl)-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 
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N 

A mixture of 2-(2.-thienyl)-3,4'-bipyridine-5.6-diamine (Example 13) (0.048 g, 0.177 mmol) 
and carbonyl diimidazole (0.032 g, 0.195 mmol) in of dioxane (2 mL) was heated at 100 
-*'C for 48 hours, The solvent was evaporated and the crude mixture was purified by flash 
5 chromatography (95;5 dichloromethane/ methanol), to. give the title compound (0.051 g, 
70%). 

5 NMR (DMSO): 6.36-6.68 (m, 2H). 6.80-6.85 (dd, 1H), 7.00 (s. 1H), 7.10 (s. 
1H), 7.32.7.35 (m, 2H). 7.44-7.47 (m, 1H). 7,63 (s. 1H), 8.57-8,60 (m. 2H), 
ESI/MS (m/e. %): 295 m+i)\ 100]. 

0 

Example 18 

2-Ethoxy-5-(2-furyl)-6-pyrimidm-4-yl-3H-imidazo[4,5-b]pyridine 




A mixture of 6-(2-furyl)-5-pyrimidln-4-ylpyridine-2,3-diamine (Example 16) (30 mg, 0.118 
15 mmol) and tetraethyi orthocarbonate (46 mg, 0.239 mmol) in glacial acetic acid (1 .5 mL) 
was stirred at room temperature for 5 hours. Then, the mixture was concentrated and 1 .5 
mL of dioxane and a catalytic amount of glacial acetic acid were added. The mixture was 
heated to 100 °C and stinred ovemight, then it was evaporated and the residue purified by 
flash chromatography (98:2 dichloromethane/methanol) to give the title compound (20 mg, 
20 55%). 

5 Niy/IR (CDCI3): 1.46 (t, 3H), 4.13 (q, 2H), 6.47 (m, 2H). 6.78 (d. 1H), 7.05 (d, 
1H), 7.65 (s, 1H), 8.63 (d. 1H), 9.30 (s. 1H), 10.59 (s, 1H). 
ESI/MS (m/e. %): 308 [(IVI+1)*. 100]. 




25 Example 19 

5-(2-furyl)-6-pyrimldln-4-yl-3H-imidazo[4,5-b]pyridine 
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A mixture of 6-(2-fui7l)-5-pyrimidin-4-ylpyridine-2.3-diarnine (Example 16) (45 mg, 0.178. 
mmol) and triethylorthofonmate (53 mg, 0.355 mmol) in glacial acetic acid (2 mL) was 
heated in a sealed tube to 140 °C. After stirring one hour, the mixture was cooled, taken 
up in a small amount of water and taken to pH 7 with saturated aqueous.sodium hydrogen 
5 carbonate solution. The precipitate was filtered, washed with water and dried to give the 
title compound (20 mg, 43%). 

. ESI/MS (m/e, %): 264 [(M+1)M0OJ. 

Example 20 

10 5-(2-Fui7l)-2-methyl-6-pyrimidin-4-yl-3H-imidazo[4,5--b]pyridine 




A mixture of 6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine (Example 16) (45 mg, 0.178 
mmol) and triethylorthoacetate (58 mg, 0.355 mmol) in glacial acetic acid (2 mL) was 
15 heated in a sealed tube to 140 ''C. After stirring one hour, the mixture was cooled and 
taken up in a small amount of water and taken to pH 7 with saturated aqueous sodium 
hydrogen carbonate solution and then extracted with ethyl acetate. The organic layer was 
dried and evaporated to give the title compound (40 mg, 81%) as a solid. 

5 NMR (CDCIa): 2.45 (s, 3H). 6,49 (m. 1H). 7.22 (m, 2H). 7.40 (s, 1H), 8.20 (s, 
20 1H), 8.71 (d. 1H), 9.33 (d, 1H). 

ESI/MS (m/e, %): 278 [(M+1)*. 100]. 

Example 21 

5-(2-Furyl)-2-methyl-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine 




25 

A mixture of 2-(2-furyl)-3,4'-bipyridine-5.6-diamine (Example 14) (0.100 g. 0.396 mmol) 
and 1,1.1-triethoxyethane (0.144 mL, 0.800 mmol) in 4 mL of acetic acid was heated at 
140 ®C for 2 hours in a sealed tube. Water was added and the pH was adjusted to 6-7 
with 5% aqueous sodium hydrogen carbonate. The mixture was extracted with ethyl 
30 acetate and the organic layer was dried and evaporated. The crude mixture was purified 



wo 2005/100353 



54 



PCT/EP2005/003818 



by flash chromatography. (.95:5.dichloromethane/methanol) to give the title compound 
(0.055 9.47%). , 

6 NMR (CDCI3): 2.56 (s, 3H), 6:10-6.18 (dd. 1H). 6.37-6.39 (m. 1H). 7.27-7.31 
..(m,2H),.7.42.7.43.(m. 1H),7.86-(s.v1H), 8:66-8.68 .(m..2H). 
5 ESl/MS(m/e,.%):277.[{M+1)M:00], - • 

Example 22 

2-cvclopropvl-5-(2-furvn-6-pvrimidin-4-vl-3H-imidazor4,5-blpvridine 




To a stirred solution of 6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine (Example 16) (50 
mg, 0.197 mmol) in THF (3 mL), was added triethylamine (30 jiL, 0.217 mmol) and the 
mixture was cooled to -10 ^C. Cyclopropanecarbonyl chloride (21 mg, 0.197 mmol) was 

1 5 added dropwise and the mixture was stirred for 30 minutes. The mixture was evaporated 
and glacial acetic acid (1 mL) was added and heated in a sealed tube to 140 ''C. After 
stirring for one day, the mixture was cooled and taken up in a small amount of water and 
. taken to pH 7 with saturated aqueous sodium hydrogen carbonate solution and then 
extracted with ethyl acetate. The organic layer was dried and evaporated and the residue 

20 purified by flash chromatography (98:2 dichioromethane/methanol) to give the title 
compound as a solid (1 1 mg, 18%). 

ESI/MS (m/e, %): 304 [(M+1)^ 100]. 



Example 23 

25 2-Cyclopropyl-5-(2-furyl)-6-pyridin-4-yl-3H-imidazo[4|5-b]pyridine 




To a solution of 2-(2-furyl)-3,4'-bipyridine-5,6-diamine (Example 14) (0.078 g, 0.31 mmol) 
and triethylamine (0.045 mL. 0.34 mmol) in 4 mL of tetrahydrofuran at -10 was added 
cyclopropanecarbonyl chloride (0.028 mL, 0.31 mmol). The mixture was stinted at this 
30 temperature for 30 minutes and the solvent was evaporated. The crude mixture was 
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partitioned-between dichloromethane and 5% aqueous sodium hydrogen carbonate. The 

organic layer was dried and evaporated to give N-[6-amino-2^(2-furyl)-3,4-bipyridin-5- 
yl]cyclopropanecartx>xamide (0:064 g) which was used In the next step without further 
purification 

. 5 ^ A.soiution of N-[6-amino-2-(2-furyi)-3,4-bipyridin-5-yl]cyclopropanecarboxamide (0.052 g, 
0..163 mmol) in 3 mL of acetic acid was heated at 140 °C for 14 hours in a sealed tube. 
The mixture was concentrated and purified by flash chromatography (98:2 
dichloromethane/methanol) to give the title compound .(0.005 g, 19%). 



A mixture of intermediate 2-(2-furyl)-3,4-bipyrldine-5,6-diamine (Example 14) (0.050 g, 
15 0.200 mmol) and diethoxymethoxyethane (0.066 mL, 0.400 mmol) in acetic acid (2 mL) 
was heated at 140 for 1 hour In a sealed tube. Water was added and the pH was 
adjusted to 6-7 with 5% aqueous sodium hydrogen carbonate. The mixture was extracted 
with ethyl acetate and the organic layer was dried and evaporated. The crude mixture was 
purified by flash chromatography (100:8 dichloromethane/methanol) to give the title 
20 compound (0.032 g, 61%). 



ESI/MS (m/e. %): 303 [(M+1)\ 100]. 



10 



Example 24 

5-(2-Furyl)-6-pyridin-4-yl-3H-imldazo[4,5-b]pyridine 




5 NMR (DMSO): 5.75 (s. 1H). 6.43-6.51 (m. 2H), 7.29-7.32 (m. 2H). 7.55 (s. 
1H), 7.99 (s, 1H). 8.56-8.59 (m, 2H). 
ESI/MS (m/e, %): 263 [(M+l)*, 100]. 



25 . Example 25 

5-(2-Fuiyl)-6-[2-(methylthio)pyrimidln-4-yI]-3H-lmidazo[4,5-b]pyridine 
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. A-^mixture of 6-(2-fui7l).-5-[2-(methylthio)pyrimidin-4-yl]pyrid (Example 15) 

(40 mg, 0:13 mmol) and triethylorthoformate (542 mg, 3.66 mmol) was heated in a sealed 
tube to 140 °C. After stipring-for 1 houn the mixture was cooled and taken up in a small 
amount of water and then extracted with ethyl acetate. The organic layer was dried and 
5 evaporated. The residue -was purified - by flash chromatography (98:2 
dichloromethane/methanol) to give-the title compound as a solid (10 mg, 25%). 
ESI/MS (m/e. %): 310 [(M+1)-; 100]. 

Example 26 

10 5-(2-FurylH-methyi-6-pyrimidln-4-yl-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 




A mixture of 3-(2»4-Dimethoxybenzyl)-5-furan-2-yl-1-methyl-6-pyrimidin-4-yl-1,3-dihydro- 
imidazo[4,5-b]pyridin-2-one (Intermediate 16) (0.100 g, 0.23 mmol), trifluoroacetic acid (5 
mL) and thioanisole (1.3 mL) was heated to 65 °C and left overnight The mixture was 
15 concentrated, neutralised with 4% aqueous sodium hydrogen carbonate solution and 
extracted with ethyl acetate. The organic layer was dried (MgS04), evaporated and the 
residue purified by flash chromatography (dichloromethane to 25:1 
dichloromethane/methanol) to give the title compound (0.021 g, 32%) as a pale yellow 
solid. 

20 6 NMR (CDCI3 + CD3OD): 9.28 (d. 1H), 8.60 (d, 1H), 7.50 (s, 1H), 7.30 (d. 1H), 7.10 
(dd. 1H), 6.63 (dd. 1H), 6.42 (dd, 1H). 3.40 (s, 3H). 
ESI/MS (m/e, %): 294 t(M+1)^ 100]. 

Example 27 

25 6-(2-furyI)-5-pyrimidin-4-yl-1H-pyrazoIo[3,4-b]pyrIdlne 




A solution of 6-(2-furyl)-5-pyrimldin-4-yHH-pyrazolo[3,4-b]pyridin-3-amine (2.0 g, 7.2 
mmol) ;(Exi»nj^le^ in a mixture of glacial acetic acid (10 mL), water (4.3 mL) and 
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concentrated aqueous hydrochloric acid (1.2 mL) was cooled to 0 °C and a solution of 
. , sodium nitrite (0.595 g, 8.6 mmol) in water .(2 mL) was added dropwise. The mixture was 
. . ..stirred for 30 minutes and then a 50% aqueous.: solution of hypophosphorous acid (11.3 

mL) was added dropwise and the mixture was stin'ed a further 6 hours at 0 ^C. The 
. 5. nriixture was neutralized with .6M aqueous sodium Jiydroxide splutipn and the solid that 

formed was filtered and purified by flash chromatography (2:1 hexanes/ethyl acetate to 

ethyl acetate) to give the title compound (0.78 g, 41 %).as an off-white solid. 

5 NMR (DMSO): 13.81 (s. 1H), 9.31 (d. 1H), 8.85 (d, 1H), 8.51 (s. 1H), 8.33 (s. 1H). 

7.63 (dd. 1H), 7.46 (dd. 1H), 6.87 (dd. 1H). 6.63 (dd. 1H). 
1 0 ESI/MS (m/e. %): 264 [(M+1 )^ 1 00]. 

Example 28 

3-Chloro-6-(2-furyl)-5-pyrimidin-4-yMH-pyrazolo[3,4-b]pyridlne 



15 A suspension 6-(2-furyl)-5-pyrimidin-4-yl-1 ,2-dihydro-3H-pyra2olo[3,4-b]pyridin-3-one 
(Example 31) (0.9 g, 3.22 mmol) in phosphorous oxychloride (5 mL) was heated in a 
sealed tube to 1 10 and stirred overnight. The mixture was then cooled and evaporated 
to dryness. Water was added and the pH was adjusted to 7 with saturated aqueous 
sodium hydrogen carbonate solution. The solid that formed was filtered and purified by 

20 flash chromatography (1:1 hexanes/ethyl acetate) to give the title compound (0.16 g, 17%) 
as a white solid. 

5 NMR (CDCI3): 11.89 (s, 1H), 9.36 (d, 1H), 8.76 (d. 1H), 8.28 (s. 1H), 7.53 (m. 1H), 
7.32 (dd. 1H), 6.63 (dd. 1H), 6.50 (m. 1H) 
ESI/MS (m/e. %): 298 [(M+1)*, 100]. 

25 

Example 29 

3-ethoxy-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridlne 
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15 



25 





O 








N 







A mixture of 3-Ethoxy-6-furan-2-yl-1-(4-methoxybenzyl)-5-pyrimidin-4-y 
b]pyricline (Intermediate 21) (0.053 g, 0.12 mmol), trifluoroacetic acid (2.5 mL) and 
thioanisole (0.7 mL) was heated to 80 and left overnight. The mixture was 
5 concentrated, neutralised with 4% aqueous sodium hydrogen carbonate solution and 
extracted with ethyl acetate. The organic layer was dried (MgS04). evaporated and the 
residue purified by flash chromatography (hexanes to 1:1 hexanes/ethyl acetate) to give 
the title compound (0.010 g, 27%) as a light brown solid. 

8 NMR (CDCI3): 10.74 (s. 1H), 9.31 (d, 1H), 8.70 (d^ 1H), 8.30 (s. 1H). 7.46 (m, 1H). 
1 0 7.25 (dd. 1 H), 6.66 (dd, 1 H). 6.48 (m. 1 H). 
ESI/MS (m/e, %): 308 [(M+1)*, 100]. 

Example 30 

6-(2-furyl)-5-[2-(methylthio)pyrimidin"4-yl]-1H-pyrazolo[3,4-b]pyridin-3-amine 




o 

To a suspension 2-chloro-6-(2-furyl)-5-[2-(methylthlo)pyrlmidin-4-yl]nicotinonltrile 
(Intermediate 12) (1.00 g. 3.0 mmol) in ethyl alcohol (20 mL) was added hydrazine 
monohydrate (0.31 g, 9.0 mmol) and the mixture was heated to reflux and stirred 
overnight. The mixture was treated with water and the precipitate that formed was filtered, 
20 washed with water and diethyl ether and dried in vacuo to give the title compound (0.90 g, 
91%) as a yellow solid. 

5 NMR (DMSO): 12.28 (s, 1H). 8.57 (d, 1H). 8.44 (s. 1H). 7.62 (dd, 1H). 6.98 (d, 1H), 
6.81 (dd, 1H), 6.60 (dd, 1H), 5.84 (s. 2H), 2.43 (s, 3H). 
ESI/MS (m/e, %): 325 [(M+1)\ 100], 



Example 31 

6-(2-futyI)-5-pyrlmidin-4-yl-1,2-dihydro-3H-pyrazolo[3,4-b]pyridin-3-one 
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To a stirred suspension of methyl 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate 
(Intermediate 14) (3.0 g. 9.52 :mmol) in ethanol (100 mL) was added hydrazine 
monohydrate (4.77 g, 95.2 mmol) and the mixture was heated to 95 °C in a sealed tube. 
5 After stirring overnight, the mixture was filtered hot to remove a small amount of an 
insoluble dark solid and the cooled filtrate was evaporated. The residue was triturated with 

ff 

ethanol and the solid was filtered and dried to give the title compound (2.44 g, 92%) as an 
off-white solid. 

5 NMR (DMSO): 9.17 (d. 1H), 8.74 (d, 1H), 8.27 (s, 1H). 7.58 (m. 1H). 7.35 (dd, 1H), 
10 6.76 (dd, 1 H), 6.57 (m. 1 H). 

ESI/MS (m/e, %): 280 [(M+1)*, 100]. 

Example 32 

6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazolo[3,4-b]pyridine 




A solution of 6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1 H-pyrazolo[3,4-b]pyridin-3-amine 
(Example 30) (0.60 g, 1.85 mmol) in a mixture of glacial acetic acid (3 mL), water (1.3 
mL) and concentrated aqueous hydrochloric acid (0.34 mL) was cooled to 0 and a 
solution of sodium nitrite (0.153 g, 2.22 mmol) in water (0.5 mL) was added dropwise. The 

20 mixture was stirred for 30 minutes and then a 50% aqueous solution of hypophosphorous 
acid (3.4 mL) was added dropwise and the mixture was stirred a further 6 hours at 0 °C. 
The mixture was neutralised with 6M aqueous sodium hydroxide solution and the solid 
that formed was filtered and purified by flash chromatography (3:1 hexanes/ethyl acetate 
to 2:1 hexanes/ethyl acetate) to give the title compound (0.24 g, 42%) as a white solid. 

25 5 NIVIR (DMSO): 8.61 (d, 1H). 8.47 (s. 1H), 8.24 (s, 1H), 7.62 (dd, 1H). 7.14 (d. 1H), 
6.82 (dd, 1H). 6.60 (dd, 1H). 2.21 (s. 3H). 
ESI/MS (m/e. %): 310 [(M+1)*, 100]. 



4 
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Example 33 

6-<2-Furyl)-5-(2-methoxypyrimidin-4-yl)-1H-pyrazolo[3,4--b]pyridine 




to a suspension * of '6-(2-furyl)-5^[2-(methylsulfonyl)pyrim 
5 blpyridine (Intermediate 13) (0.070 g. 0121 mmol) in methanol (2 mL) under an 
atmospliere of argon was added, in portions, 60% sodium hydride as a suspension in 
mineral oil (0.025 g, 0.62 mmol). The reaction vial was capped and warmed to 70 °C. After 
3 hours, the reaction was cooled and diluted with water and the pH was adjusted to 5-6 
. using. 2M aqueous hydrochloric acid. The precipitate was filtered, washed with water and 
10 hexanes and dried to give the title compound (0.028 g, 46%) as a white solid. 

5 NMR (DMSO): 8.61 (d, 1H), 8.46 (s, 1H), 8.23 (s, 1H), 7.61 (dd, 1H), 7.11 (d, 1H), 
6.82 (dd, 1H), 6.60 (dd, 1H), 3.79 (s, 3H). 
ESI/MS (m/e, %): 294 [(M+1)*, 100]. 

1 5 Example 34 

N-cyclopropyl-4-[6-(2-furyl)-1H-pyrazolo[3,4-b]pyridin-5-yqpyrimidin-2-amine 




To a suspension of 6-(2-furyl)-5-[2-(methyisuIfonyl)pyrimidin-4-yl]-1 H-pyrazolo[3,4- 
b]pyridine (Intermediate 13) (0.050 g, 0.15 mmol) in acetonitrile (1 mL) and triethylamine 

20 (0.051 g, 0.50 mmol) was added cyclopropylamine (0.059 g, 1.18 mmol). The reaction vial 
was capped and warmed to 100 °C. After stining overnight, the reaction was cooled and 
filtered. The filtrate was evaporated and the residue purified by flash chromatography (1:1 
hexanes/ethyl acetate) to give the title compound (0.012 g, 26%) as a white solid. 
5 NMR (DMSO): 8.32 (s, 1H), 8.30 (d, 1H). 8.21 (s, 1H), 7.67 (dd, 1H). 7.43 (d, 1H). 

25 6.66 (dd. 1H). 6.55 (dd. 1H), 1,27 (m, 1H), 0.58 (m, 2H), 0.42 (m. 2H). 
ESI/MS (m/e, %): 319 [(M+1)*, 100]. 



Example 35 
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4-[6-<2-fui7l)-1H-pyrazolo[3,4-b]pyridin-5-yl]-N-isopropylpyrimidin-2-amine 




To . a suspension of 6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-pyrazolo[3,4- 
b]pyridine (Intermediate 13) (0.050 g, 0.15 mmol) in acetonitrile (1 mL) and triethylamine 
5 (0.016 g, 0.16 mmol) was added isopropylamine (0.174 g. 2.94 mmol). Tlie reaction vial 
was capped and wamied to 100 °C. After stining ovemight, the reaction was cooled and 
evaporated. The residue was purified by flash chromatography (95:5 
dichloromethane/methanol) to give the title compound (0.007 g. 15%) as a white solid. 
5 NMR (CD3OD): 9.38 (s, 1H), 8.24 (d. 1H). 8.17 (s, 1H), 7.50 (dd, 1H). 6.81 (dd, 1H), 
10 6.53 (m, 2H), 4.07 (m, 1H), 1.23 (s, 3H), 1.18 (s. 3H). 
ESI/MS (m/e, %): 321 [(M+l)*, 100]. 

Example 36 

5-(2-ethoxypyrimidin-4-yl)-6-(2-furylHH-pyr£U!:olo[3,4-b]pyrldine 




To a suspension of 6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1 H-pyrazolo[3,4- 
blpyridine (Intemiedlate 13) (0.070 g. 0.21 mmol) In ethanol (2 mL) under an atmosphere 
of argon was added, in portions, 60% sodium hydride as a suspension In mineral oil 
(0.025 g, 0.62 mmol). The reaction vial was capped and wanned to 70 °C. After 3 hours, 

20 the reaction was cooled and diluted with water and the pH was adjusted to 5-6 using 2M 
aqueous hydrochloric acid. The precipitate was filtered, washed with water and hexanes 
and dried to give the title compound (0.028 g, 44%) as a white solid. 
8 NMR (CD3OD): 8.54 (d, .1H), 8.40 (s. 1H), 8,19 (s. 1H). 7.43 (dd. 1H), 7.01 (d, 1H), 
6.92 (dd, 1H), 6.57 (dd. 1H). 4.36 (q, 2H). 1.32 (t. 3H). 

25 ESI/MS (m/e. %): 308 [(M+1)*. 100]. 



Example 37 

6-(2-Furyl)-5-(2-isopropoxypyrimidin-4-yl)-1H-pyrazolo[3,4-b]pyridine 
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To a suspension of 6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-pyrazoloI^ 
h]pyridine (Intermediate 13) (0:087 g. 0.26 mmol) in isopropanol (2 mL) under an 
atmosphere of argon was added, in portions, 60% -sodium hydride as a suspension in 

5 mineral oil (0.031 g, 0.77 mmol). The reaction vial was capped and warmed to 70 °C. After 
3 hours, the reaction was cooled and diluted with water and the pH was adjusted to 5-6 
using 2M aqueous hydrochloric acid. The precipitate was filtered, washed with water and 
hexanes and dried to give the title compound (0.040 g, 49%) as a white solid.. 
5 NMR (CD3OD): 8.52 (d, 1H), 8.39 (s. 1H), 8.20 (s, 1H), 7.44 (dd, 1H), 7.05 (d, 1H), 

10 6.89 (dd, 1H), 6.56 (dd, 1H), 5.22 (m, 1H), 1.32 (s, 3H), 1.29 (s, 3H). 
ESI/MS (m/e, %): 322 [(M+1)*. 100]. 

Example 38 

5"[2-(Cyclohexyloxy)pyrimidin-4-yl]-6-(2-furyl)-1H-pyrazolo[3,4-b] pyridine 




To a suspension of 6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1 H-pyrazolo[3,4- 
blpyridine (Intermediate 13) (0.080 g. 0.23 mmol) in tetrahydrofuran (1 mL) under an 
atmosphere of argon was added cyclohexanol (0.071 g, 0.70 mmol) followed by, in 
portions, 60% sodium hydride as a suspension in mineral oil (0.028 g, 0.70 mmol). The 
20 reaction vial was capped and warmed to 70 °C. After 4 hours, the reaction was cooled and 
diluted with water and the pH was adjusted to 5-6 using 2M aqueous hydrochloric acid. 
The precipitate was filtered, washed with water and hexanes and dried to give the title 
compound (0.044 g, 52%) as a white solid, 

5 NMR (CD3OD): 8.53 (d. 1H). 8.39 (s, 1H), 8.20 (s, 1H), 7.42 (dd. 1H), 7.05 (d, 1H), 
25 6.89 (dd, 1H), 6.51 (dd, 1H), 2.01-1.32 (m, 11H). 
ESI/MS (m/e. %): 362 [(M+1)*. 100]. 

Example 39 
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6-(2-Furyl)-N-isobutyl-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin-3-amine 




To a suspension of 6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrscolQ[3,4-b]pyridin 

. (Example 48) (0.060 g> 0.22 mmol) in.dichloroethane (2.5 mL) and glacial acetic acid 



5 (0.074 mL) was added 2-metliyl-propionaldehyde (0.22 mmol) and sodium 

triacetoxyborohydride (0.1 28 g, 0.60 mmol). After stimng for 4 days at room temperature, 
the mixture was partitioned between ethyl acetate and 4% aqueous sodium hydrogen 
carbonate solution. The organic layer was washed with brine, dried (l\/lgS04) and 
evaporated and the residue was purified by flash chromatography (1:1 ethyl 

10 acetate/hexanes to 2:1 ethyl acetate/hexanes) to give the title compound (0.030 g, 42%) 
as an off-white solid. 

6 NIVIR (DMSO): 12.23 (s, 1H), 9.18 (d. 1H), 8.76 (d. 1H). 8.51 (s. 1H), 7.58 (dd, 1H). 
7.23 (dd, 1H), 6.81 (dd, 1H). 6.52 (dd. 1H). 6.47 (s. 1H). 3.10 (t. 2H). 1.93 (m, 1H), 1.02 (d, 
6H). 

15 ESl/MS (m/e. %): 335 [(IVI+1)*, 100]. 
Example 40 

N-{6-(2-furyl)-5-[2-(methyIthio)pyrimidln-4-yl]-1H-pyrazolo[3,4-b]pyridin 
yl}acetamide 



To a suspension of 6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1 H-pyrazolo[3.4-blpyridin-3- 
amine (Example 30) (0.10 g, 0.31 mmol) in pyridine (0.5 mL) was added acetic anhydride 
(0.032 mU 0.34 mmol) and the mixture was heated to reflux. After 20 hours the mixture 
was cooled and poured into water. The precipitate was filtered, washed with water and 
25 dried in the air to give the title compound (0.081 g, 72%) as an off-white solid. 

6 NMR (DMSO): 13.51 (s, 1H), 10,82 (NH). 8.63 (d, 1H). 8.61(s, 1H), 7.63 (dd. 1H), 
7.10 (d. 1H), 6.82 (dd. 1H). 6.58 (dd. 1H). 2.38 (s. 3H). 2.08 (s. 3H). 



20 
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Example 41 

6^3-Fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin-3-amine 




A solution of 2-chloro-&*(3-fluorophenyl)-5-pyrjmidin-4-ylnicotinonitrile (Intermediate 15) 
(16.86 g, 53.9 mmol) and hydrazine monoliydrate (9.15 mL, 190 mmol) in ethanol (200 
mL) was heated to 80 ""C. After 15 hours the mixture was cooled and the precipitate was 
filtered and washed with water. The filtrate was evaporated, water was added and the 
10 precipitate was filtered. The solid was dried to give the title compound (13.75 g, 97%) as a 
yellow solid. 

5 NMR (DMSO): 5.89 (s, 2H). 7.04 (d, 1H), 7.15 (dd, 1H), 7.19 (m, 2H), 7.34 (dd. 1H). 
8.60 (d, 2H), 9.17 (s. 1H), 12.33 (s, 1H). 

15 Example 42 

6-(3-Fluorophenyl)-5-pyrimidin-4-yMH-pyrazolo[3,4-b]pyridine 



F 




A solution of 6-(3-fiuorophenyl)-5~pyrimidin-4-yl-1 H-pyrazolo[3,4-b]pyridin-3-amine 
(Example 41) (0.146 g, 0.47 mmol) in a mixture of glacial acetic acid (0.75 mL), water 

20 (0.33 mL) and concentrated aqueous hydrochloric acid (0.085 mL) was cooled to 0 and 
a solution of sodium nitrite (0.039 g, 0.57 mmol) in water (0.2 mL) was added dropwise. 
The mixture was stirred for 30 minutes and then a 50% aqueous solution of 
hypophosphorous acid (0.86 mL) was added dropwise and the mixture was stirred for a 
further 60 minutes at 0 °C. The mixture was neutralised with 6M aqueous sodium 

25 hydroxide solution and the solid that formed was filtered and purified by flash 
chromatography (95:5 dichloromethane/methanol) to give the title compound (0.070 g, 
51%) as an off-white solid. 



r 
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5 NMR (DMSO): 9.16 (d, 1H). 8.70 (d, 1H), 8.60 (s. 1H), 8.33 (s, 1H). 7.38-7.18 (m. 
4H). 7.06 (m. 1H). 

ESI/MS (m/e, %): 292 [(M+1)*. 100]. 

• • • • • 

5 Example 43 

6-(2-Furyl)-S-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine 




To a solution of 3-ethynyl-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine (Intermediate 18) 
(0.50 g, 1.9 mmol) in 1 -methyl-2-pyrrolidinone (12 mL) was added potassium tert-butoxide 

10 (0.45 g, 4.0 mmol) and the mixture was heated to 70 °C in a sealed tube. After 48 hours, 
the mixture was cooled, diluted with water and extracted with ethyl acetate. The organic 
layer was washed with brine, dried (MgS04) and evaporated. The residue was purified by 
ion-exchange chromatography using an SCX column (eluting with methanol then 7M 
ammonia in ethanol) to give the title compound (0.39 g, 78%) as a beige solid. 

15 5 'H NMR (CDCI3): 11.28 (s. 1H). 9.33 (d, 1H), 8.67 (d, 1H), 8.25 (s, 1H), 7.46 (m. 1H), 
7.40 (dd, 1H). 7.23 (m. 1H), 6.61 (dd, 1H), 6.50 (d, 2H) 
ESI/MS (m/e, %): 263 [(M+1)*, 100]. 



Example 44 

20 2-(3-Fluorophenyl)-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine 

r 




To a solution of 3-[(3-fluorophenyl)ethynyl]-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine 
(Intermediate 20) (0.145 g, 0.41 mmol) in 1-methyl-2-pyrrolidinone (7 mL) was added 
potassium tert-butoxide (0.096 g, 0.85 mmol) and the mixture was heated to 70 in a 
25 sealed tube. After 72 hours, the mixture was cooled, diluted with water and extracted with 
ethyl acetate. The organic layer was washed with brine, dried (MgS04) and evaporated. 
The residue was purified by flash chromatography (1:1 hexanes/ethyl acetate) to give the 
title compound (0.095 g, 66%) as a yellow solid. 
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5 NMR (CDCI3): 10.06 (s. 1H). 9.33 (d, 1H), 8.68 (d. 1H), 8.20 (s, 1H), 7.40-7.20 (m. 
5H), 7.03 (m. 1H), 6.86 (dd. 1H), 6.50 (dd, 1H), 6.33 (m, 1H). 
ESI/MS (m/e, %): 357 [(M+1)M 00]. 

5 Example 45 

6-(2-Furyl)-2-phenyl-S-pyrifnidin-4-yl*-1H-pyrrolo[2,3-b]pyridine 




To a solution of 6-(2-furyl)-3-(phenylethynyl)-5-pyrimidin-4-ylpyridin-2-amine 
' (Intermediate 19) (0.04 g, 0.12 mmol) in 1-methyl-2-pynrolidinone (2 mL) was added 
10 potassium tert-butoxide (0.030 g. 0.25 mmol) and the mixture was heated to 70 in a 
sealed tube. After 72 hours, the mixture was cooled, diluted with water and extracted with 
ethyl acetate. The organic layer was washed with brine, dried (MgS04) and evaporated. 
The residue was purified by flash chromatography (1:1 hexanes/ethyl acetate) to give the 
title compound (0.030 g, 75%) as a pale yellow solid. 

15 5 NMR (CDCI3): 9.45 (s, 1H), 9.33 (d, 1H), 8.66 (d. 1H), 8.17 (s. 1H), 7.68 (m, 2H). 
7.51 -7.21 (m, 5H), 6.86 (dd. 1H), 6.51 (dd, 1H), 6.40 j(m, 1H) 
ESI/I\/IS (m/e, %): 339 [(M+1 )*. 1 0OJ, 

ft 

Example 46 

20 6-(5-Bromo-2-fuf7l)-3-chloro-5-pyrimidin-4-yI-1H-pyrazolo[3,4-b]pyridine 




To a solution of 3-chloro-6-(2-furyl)-5-pyrimidin-4-yl-1 H-pyrazolo[3,4-b]pyridine (Example 
28) (0.12 g. 0.40 mmol) in chlorofonm (1 mL) and acetonitrile (0.4 mL) was added bromine 
(0.44 mmol). The mixture was stirred for 48 hours and then the mixture was diluted with 
25 chloroform and the organic layer was washed with 4% aqueous sodium hydrogen 
carbonate solution and 5% aqueous sodium thiosulphate solution. The organic layer was 
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dried (MgS04), evaporated and the residue purified by flash chromatography (98:2 
dichloromethane/methanol) to give the title compound (13.4 mg, 9%) as an off-white solid. 
6 NMR (DMSO): 9.23 (d, 1H), 8.90 (d, 1H), 8.36 (s. 1H), 7.69 (dd, 1H). 6.79 (d, 1H), 
6.71 (d. 1H). 
5 ESI/MS (m/e, %): 378 [(M+1)*, 100]. 

* 

Example 47 

5-(5-Bromo-24uryl)-6-pyrimidin-4-yl-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 




10 To a solution of 5-(2-furyl)-6-pyrimidin-4-yl-1 ,3-dihydro-2H-imidazo[4.5-b]pyridin-2-one 
(Example 12) (0.36 g, 1.32 mmol) in 7 mL of acetic acid was added bromine (0.075 mU 
1 .45 mmol). The mixture was heated at 60 for 2 hours then cooled to room 
temperature. The mixture was partially concentrated and the precipitate that formed was 
filtered off to give the title compound (0.440 g, 92%). 

1 5 ESI/MS (m/e. %): 359 [(M+1 )\ 1 00]. 

« 

Example 48 

6-(2-FuryI)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridtn-3-amine 




20 To a suspension of 2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile (Intemriediate 22) 
(1.14 g, 4.0 mmol) in ethyl alcohol (20 mL) was added hydrazine monohydrate (0.61 g, 
12.1 mmol) and the mixture was heated to reflux and stirred overnight. The mixture was 
treated with 4% aqueous sodium hydrogen carbonate solution and the precipitate was 
filtered, washed with water, ethyl acetate and ethanol and dried in vacuo to give the title 
25 compound (0.80 g, 71%) as an orange solid. 

5 NMR (DMSO): 5.83 (s. 2H), 6.58 (dd. 1H), 6.80 (dd. 1H). 7.25 (dd, 1H). 7.60 
(dd. 1H), 8.42 (s, 1H). 8.74 (d. 1H). 9.20 (d, 1H), 12.25 (s, 1H). 
ESI/MS (m/e. %): 279 [(M+1)^ 100]. 



wo 2005/100353 PCT/EP2005/003818 

-68- 

Example 49 

/V-[6-(2-Furyl)-S-pyrimidin-4-yl-1H-pyi^olo[3v4-b]pyridin-^ 




To a suspension of 6-(2-fU!7l)-5-pyrimidin-47yl-1H-pyrazolo[3,4-b]pyridin-3-am 
5 (Example 48) (0.101 g, 0.36 mmol) in pyridine (0.5 mL) was added acetic anhydride 
(0.038 mL, 0.4 mmol) and the mixture was heated to reflux. After 20 hours the mixture 
was cooled and poured Into water. The precipitate was filtered, washed with water and 
dried in the air to give the title compound (0.084 g, 72%) as an orange solid. 

5 "^H NMR (DMSO): 2.10 (s. 3H). 6.59 (dd. 1H). 6.79 (dd, 1H). 7.38 (dd, 1H), 7.61 
10 (dd, 1H), 8.60 (s. 1H), 8.78 (d. 1H). 9.22 (d. 1H), 10.86 (s, 1H). 13.46 (s, 1H). 

ESI/MS (m/e, %): 321 [(M+1)*. 100]. 

EXAMPLES 

15 TABLE 2 



Example 
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COMPOSITION EXAMPLE 1 

50,000 capsules, each containing 100 mg of 6-(2-f uryl)-5-pyrimidin-4-yl-1 H- 
pyrazolo[3,4b]pyridin-3-amine (active ingredient), were prepared according to tlie 
following formulation: 



Active ingredient 


5 Kg 


Lactose monohiydrate 


10 Kg 
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Colloidal silicon dioxide 


0.1 Kg 


Corn starch 


1 Kg 


Magnesium stearate 


• 0.2 Kg 



Procedure 

5 The above ingredients were sieved through a 60 mesh sieve, and were loaded into a 
suitable mixer and filled into 50,000 gelatine capsuled. 

COMPOSITION EXAMPLE 2 

10 50,000 tablets, each containing 50 mg of 6-(2-furyl)-5-pyrimidin-4-yl-1H- 

pyrazolo[3,4b]pyridin-3-amine (active ingredient), were prepared from the following 
formulation: 



Active ingredient 


2.5 Kg 


Microcrystalline cellulose 


1.95 Kg 


Spray dried lactose 


9.95 Kg 


Carboxymethyl starch 


0.4 Kg 


Sodium stearyl fumarate 


0.1 Kg 


Colloidal silicon dioxide 


0.1 Kg 



1 5 Procedure 

« 

* 

All the powders were passed through a screen with an aperture of 0.6 mm, then mixed in 
a suitable mixer for 20 minutes and compressed into 300 mg tablets using 9 mm disc and 
flat bevelled punches. The disintegration time of the tablets was about 3 minutes. 
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CLAIMS 

1 . Use of a compound of formula (1) 




wherein: 

A represents an optionally substituted monocyclic or polycyclic aryl or heteroaryl group, 
B represents an optionally substituted monocyclic nitrogen-containing heterocyclic group, 
and either 

a) represents a hydrogen atom and represents a group selected from -NH2 
and optionally substituted alkynyl groups 

or 

b) R^, R^ and the -NH- group to which R^ is attached form a moiety selected from the 
the moieties of formulae (lla), (lib), (lie), (lid) and (lie): 




(lla) (lib) (lie) (lid) (lie) 



wherein: 

R^is selected from hydrogen atoms, halogen atoms and groups selected from 
optionally substituted alkyi, optionally substituted cycloalkyi, optionally substituted aryl, 
optionally substituted heteroaryl, -OR^ -SR^ -COOR^. -CONR^R^ -NR^R^ -NR^COR^ 
and -CN groups wherein R® and R"* are independently selected from hydrogen atoms 
and lower alky! or cycloalkyi groups. 

R^is selected from hydrogen atoms and groups selected from optionally substituted 
alkyi, optionally substituted cycloalkyi, optionally substituted aryl and optionally 
substituted heteroaryl groups. 
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in the manufacture of a medicament for the treatment of a pathological condition or 
disease susceptible to improvement by antagonism of the A2B adenosine receptor 

2. Use according to claim 1 wherein B represents an optionally substituted monocyclic, 
5 six-membered heterocyclic ring having one or two nitrogen atoms. 

3. Use according to claim 2 wherein B represents a group selected from optionally 
substituted pyridines, optionally substituted pyrinfiidines, optionally substituted 
pyrldazines and optionally substituted pyridlnones. 

10 . 

4. Use according to any preceding claim wherein the group B is unsubstituted or 
substituted with one group selected from -SR^, -R^ and -NHR^. 

m 

5. Use according to any preceding claim wherein A represents an optionally substituted 
1 5 phenyl, furyl or thienyl group. 

6. Use according to any preceding claim wherein the group A is unsubstituted or 
substituted with one group selected from halogen atoms and lower alky! groups. 

20 7. Use according to any preceding claim wherein B represents a pyrimidinyl group and A 
represents a furyl group. 

8. Use according to any preceding claim wherein either R^ represents a hydrogen atom 
and is as hereinabove defined or R^, R^ and the -NH- group to which R^ is 

25 attached, form a moiety selected from the moieties of formulae (lie) and (lie). 

9. Use according to any preceding claim wherein R^ represents an -NH2 group or an 
optionally substituted alkynyl group. 

30 10. Use according to any preceding claim wherein R® is selected from lower alkyi groups 
and cycloalkyi groups. 

1 1 . Use according to any preceding claim wherein R^ is selected from the group 
consisting of lower alkyI groups and hydrogen atoms. 



35 
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12. Use according to any preceding claim-wher6in the- compound is one of: 
2-(3-Fluorophenyl)-3,4-bipyridine-5,6-dlamine 
5-(3-FluorophenyI)-6-pyridin-4-yl-3H-imidazo[4,5-to]pyridlne 
5-(3-Fluorophenyl)-2-methyl-6-pyridin^-yl-3W-imidazo[4.5T/}]pyridine 
2-Cyclopropyl-5-(3-fluorophenyi)-6-pyridin-4-yl-3H-imidazo[4,5-/)lpyridirie 
2-Ethyl-5-(3-fiuorophenyl)-6-pyridin-4-yl-3H-imidazo[4,5-Z)]pyridine 

5-(3-Fluoroplienyl)-6-pyridin--4-yl-3H-[1v2,3]triazolb[4,5-d^ 

5-(3-Fluorophenyl)-6-pyridin-4-yl-1,3-dihydro-2H-imidazo[4,5-/}]pyridin-2-one 

5- Ethynyl-2-(3-fluoroplienyl)-3,4'-bipyridln-6-am!ne 

6- (3-Fluorophenyl)-5-pyridin-4-yl-1H-pyrrolo[2,3-dlpyridine 
6-(2-Furyl)-5-pyrimldin-4-yl-1H-pyra2olo[3,4-b]pyridln-3-amine 
A/-[6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazoIoI3,4-d]pyridin-3-yllacetamide 

5- (2-Furyl)-6-pyrimidin-4-yl-1,3-dihydro-2H-lmidazo[4,5-/)]pyridin-2-one 
2-(2-Tliienyl)-3,4-bipyridine-5,6-diamine 
2-(2-Furyl)-3,4-bipyridine-5,6-diamine 

> 

6- (2-Furyl)-5-[2-(methylthio)pyrimidin-4-yl]pyridine-2,3-diamine 
6-(2-Furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine 
6-Pyridin-4-yl-5-(2-thienyl)-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 
2-Ethoxy-5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridlne 
5-(2-Furyl)-6-pyrinildin-4-yl-3H-imidazo[4,5-b]pyridine 
5-(2-Fui7l)-2-metiiyl-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine 
5-(2-Furyl)-2-metliyl-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine 
2-Cyclopropyl-5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine 

2- Cyclopropyl-5-(2-furyl)-6-pyridin-4-yI-3H-imidazo[4,5-b]pyridine 
5-(2-Furyl)-6-pyridin-4-yl-3H-imida2o[4,5-b]pyridine 
5-(2-Furyl)-6-[2-(methylthio)pyrimidin-4-yl]-3H-imidazo[4.5-b]pyridlne 

5- (2-Furyl)-1-methyl-6-pyriniidin-4-yl-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-^ 

6- (2-Furyl)'^5-pyrimidin-4-yl- 1 H-pyrazolo[3,4-b]pyridine 

3- Cinloro-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyra2olo[3,4-b]pyridine 
3-Ethoxy-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridine 
6-(2-Furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazolo[3,4-b]pyridin-3-amine 
6-(2-Furyl)-5-pyrimidin-4-yl-1,2-dihydro-3H-pyrazolo[3,4-b]pyridin-3-one 
6-(2-Furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyra2olo[3.4-b]pyridlne 
6-(2-Furyl)-5-(2-metiioxypyrimidin-4-yl)-1H-pyrazolo[3,4-b]pyridine 
N-Cyclopropyl-4-[6-(2-furyl)-1H-pyrazolo[3.4-blpyridin-5-yl]pyrimidin-2-amine 
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-4-[6-(2-Furyl)-iH-pyra2olo[3,4^b]pyridin-5-yl]-N-lsopropylpyrimidin^ 
5^(2-Ethoxypyrimidin-4-yl)-6-(2-furyl)-1H-pyrazolo[3.4-b]pyridine 
6-(2-Furyl)-5-(2-isopropoxypyrimidin-4-yl)-1 H-pyrazolo[3,4-b]pyridine 

5- [2-(Cyclohexyloxy)pyrimidin-4-yl]-6-(2-furyl)-1H-pyrazolo[3,4-b]p 

6- {2-Furyl)-N-isobutyl-5-pyrimidinr4-yl-1H-pyrazolo[3,4Tb]pyri . 
N-{6-(2-Furyl)-5^[2-{methylthio)pyrimidin-4-yl]-1H-pyrazolo[3 
yl}acetamide 

6-(3-Fluorophenyl)-5-pyrimidin-4--yl-1H-pyFazolo[3,4-b]pyridin-3-amine 

6-(3-Fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b] pyridine 

6-(2-Furyl)-5-pyrimidln-4-yl-1H-pyrrolo[2,3-b]pyridine 

2-(3-Fluorophenyl)-6-{2-furyl)-5-pyrimidln-4-yl-1H-pyrrolo[2,3-b]pyridine 

6-(2-Furyl)-2-phenyl-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine 

6-(5-Bromo-2-furyl)-3-chioro-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin 

5- (5-Bromo-2-furyl)-6-pyrimidin-4-yl-1,3-dlhydro-2H-imidazo[4,5-b]pyridin-2^ 

6- (2-Furyl)-5-pyrimidjn-4-yl-1H-pyrazolo[3,4-b]pyridin-3-amine 
A/-[6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3.4-b]pyridin-3-yi]acetamide 

13. A compound of fomiula (I) 



wherein: 

A represents an optionally substituted monocyclic or polycyclic aryl or heteroaryl 
group, 

B represents an optionally substituted monocyclic nitrogen-containing 
heterocyclic group, 
and either 

a) represents a hydrogen atom and represents a group selected from - 
NH2 and optionally substituted alicynyl groups 

or 

b) R^, R^ and the ~NH- group to which R^ is attached, form a moiety selected 
from the the moieties of formulae (lla), (lib), (lie) and (lid): 




2 



H 
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R" 

/ 




wherein: 

R^is selected from hydrogen atoms, halogen atoms and groups selected 
5 from optionally substituted alkyi, optionally substituted cycloalkyi, optionally 

substituted aryl, optionally substituted heteroaryl, -OR^. -SR^ -COOR^, - 
CONR^R^. -NR^R^ -NR^COR^ and -CN groups wherein R^ and R^ are 
independently selected from hydrogen atoms and lower aikyi or cycloalkyi 
groups. 

10 R^is selected from hydrogen atoms and groups selected from optionally 

substituted alkyI, optionally substituted cycloalkyi, optionally substituted aryl 
and optionally substituted heteroaryl groups. 

14. A compound according to claim 13 wherein B represents an optionally substituted 
15 monocyclic, six-membered heterocyclic ring having one or two nitrogen atoms. 

15. A compound according to anyone of claims 13 to 14 wherein B represents a group 
selected from optionally substituted pyridines, optionally substituted pyrimidines, 
optionally substituted pyridazines and optionally substituted pyridinones. 

20 

16. A compound according to anyone of claims 13 to 15 wherein the group B is 
unsubstituted or substituted with one group selected from -OR^. -SR^, -R^ and -NHR^. 

17. A compound according to anyone of claims 13 to 16 wherein A represents an 
25 optionally substituted phenyl, furyl or thienyl group. 

18. A compound according to anyone of claims 13 to 17 wherein the group A is 
unsubstituted or substituted with one group selected from halogen atoms and lower 
alkyI groups. 

30 
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19. A compound according to anyone of claims 13 to 18 wherein B represents a 
pyrimidinyl group and A represents a furyl group. 

• * 

20. A compound according to anyone of claims 13 to 19 wherein either R** represents a 
5 hydrogen atom and is as hereinabove defined or R^, R^ and the -NH- group to 

which R^ is attached, form a moiety of formulae (lie). 

21 . A compound according to anyone of claims 13 to 20 wherein represents an -NH2 

* ■ • 

group or an optionally substituted alkynyl group. 

10 

22. A compound according to anyone of claims 13 to 21 wherein R^ is selected from lower 
alkyi groups and cycloalkyi groups. 

23. A compound according to anyone of claims 1 3 to 22 wherein R^ is selected from the 
15 group consisting of lower alkyI groups and hydrogen atoms. 

24. A compound according to claim 13 which is one of: 

2-(3-Fluorophenyl)-3.4-bipyrldine-5,6-diamine 
5-(3-Fluorophenyl)-6-pyridin-4-yl-3f/-lmida2o[4,5-i)]pyridine 
20 5-(3-Fluorophenyl)-2-methyl-^pyridin-4-yl-3H-imidazo[4,5-f}]pyridine 

2-Cyclopropyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imidazo[4,5-6]pyridine 

2-Ethyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3f/-imidazo[4,5-/>]pyridine 

5-(3-Fluorophenyl)-6-pyridln-4-yl-3H-[1,2,3]triazolo[4,5-d]pyridine 

5- {3-Fl.uorophenyl)-6-pyridin-4-yl-1,3-dihydro-2HHmidazo[4,5-5]pyridin-2-one 
25 5-Ethynyl-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine 

6- (3-Fluorophenyl)-5-pyridin-4-yHH-pyrrolo[2,3-/)]pyridine 

5- (2-Furyl)-6-pyrimldin-4-yl-1,3-dihydro-2H-imidazo[4.5-/>lpyridin-2-one 
2-(2-Thienyl)-3,4'-blpyridine-5,6-diamine 
2-(2-Furyl)-3.4'-bipyridine-5,6-diamine 

30 6-(2-Furyl)-5-[2-(methylthio)pyrimidln-4-yl]pyrldine-2,3-diamine 

6- (2-Furyl)-5-pyrimldin-4-ylpyridin-2,3-diamine 
6-Pyridin-4-yl-5-(2-thienyl)-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 
2-Ethoxy-5-{2-furyl)-6-pyrlmidin-4-yl-3H-imidazo[4,5-b]pyridine 
5-(2-Furyl)-6-pyrimldin-4-yl-3H-imidazo[4.5-b]pyridine 

35 5-(2-Furyl)-2-methyl-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine 
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5-(2-Furyl)-2-methyl-6-pyridin-4-yl-3H7iniida2o[4,5-b]pyridine 
.2-Cyclopropyl-5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine 

2-Cyclopropyl-5-(2-fui7l)-6-pyridin-4-yl-3H-imida2o[4,5-b]pyridin^ 

5-(2"Furyl)-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine 
. 5-(2-Furyl)-6-[2-(methylthio)pyrimidin-4-yl]-3H-imidazo[4,5-b]pyridine 

• * • • 

5- (2-Fury l)-1 -methyl-6-pyrimldin-4-yl-1 ,3-dihydro-2H-imidazo[4, 5-b]pyridin-2-one 

6- (2-Furyl)-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine 

. . . 2-(3rFluorophenyl)-6-{2-furyf)r5-pyriinidin-4-yl-1 H-pyrrolo[2,3-b]pyridine 
6-(2-Ffuryl)-2-phenyI-5-pyrimidln-4-yl-1H-pyrrolo[2,3-blpyridine 
5-{5-Bromo-2-furyl)-6-pyrimidin-4-yl-1.3Hlihydro-2H-imidazo[4,5-b]pyri 

25. A pharmaceutical composition comprising a compound as defined in any one of claims 
13 to 24 in association witli a pharmaceutically acceptable diluent or carrier. 

26. Use according to anyone of claims 1 to 12, wherein the pathological condition or 
disease is asthma, bronchoconstriction, allergic diseases, hypertension, 
atherosclerosis, reperfuslon injury, myocardial ischemia, retinopathy, inflammation, 
gastrointestinal tract disorders, cell proliferation disorders, diabetes mellitus, and/or 
autoimmune diseases. 

27. A method for treating a subject afflicted with a pathological condition or disease 
susceptible to amelioration by antagonism of the A2B adenosine receptor, which 
comprises administering to said subject an effective amount of a compound as defined 
in any one of claims 1 3 to 24. 

28. A method according to claim 27, wherein the pathological condition or disease is 
asthma, bronchoconstriction, allergic diseases, hypertension, atherosclerosis, 
reperfusion injury, myocardial ischemia, retinopathy, inflammation, gastrointestinal 
tract disorders, cell proliferation disorders, diabetes mellitus, and/or autoimmune 
diseases. 
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